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'raZln~ fees for Public lands: Whal's fair? 
DARWIN B. NIELSEN 
PUBLIC (FEDERAL) LAND GRAZING 
FEES have been a pOint of serious 
controversy between the public land 
management agencies and ranchers off 
and on since the early 1900s. Grazing 
fees were initially assessed by the U.S. 
Forest Service in 1906. At that time, 
fees were 5 to 8 cents per head for 
sheep and 20 to 35 cents per head for 
cattle for the grazing season. This 
amounted to 4 to 7 cents per animal 
unit month (AUM). * Grazing on public 
domain lands (BLM) was free and 
unregulated until 1934, when the Taylor 
Grazing Act was passed by Congress. 
The first fees on these lands were set at 
5 cents per AUM for cattle and 1 cent 
per head per month for sheep. 
The first ten years (1906-1916) of 
experience in assessing grazing fees on 
public forest lands established several 
facts . First , the courts supported the 
government 's right to collect user-
charges for public lands. Second, fee 
levels were geared to offset the ad-
ministrative costs of managing the lands 
in the interest of protection and 
preservation. Keeping grazing fees low 
helped encourage settlement of the 
remote West. Consequently, grazing 
fees were less than comparable 
commercial rates charged for private 
grazing lands. Third , anyone in control 
of forest grazing permits acquired a 
capital asset value that was represented 
in a permit value (7) . 
In 1924, the Forest Service produced 
the Rachford, Range Appraisal Report . 
Different base fees for grazing allot-
ments were determined with con-
sideration given the following items: 
quality of forage , accessibility, water 
availability, proximity to market, and 
livestock handling costs . Base grazing 
fees for each forest grazing area were 
• AUM- amounl of feed required 10 feed a 1000 lb. 
cow and calf for one month. 
then set by adjusting local private lease 
rates to reflect the values of the factors 
listed above. 
These new base fees were put into 
effect in 1931 and were adjusted an-
nually by an index of beef cattle and 
lamb prices in the western states. At 
about this same period of time, grazing 
permits were issued for a term of ten 
years. 
Conservation of the range resource 
and stability of the livestock industry 
were central to discussions of Forest 
Service grazing lands at this time. Any 
inferences that these lands had a role in 
producing revenue for the government 
or that society was entitled to a full or 
fa ir return for the use of these lands 
were absent. 
The Taylor Grazing Act of 1934 
authorized , for the first time, user 
charges for public domain lands ad-
ministered by the Department of the 
Interior. Prior to that time, fee 
assessments and most debates about 
public land policies had centered on 
Forest Service lands . The Taylor Grazing 
Act and its subsequent amendments , 
might be considered a " landmark" 
document in public land pol icy for 
several reasons. First , it prescribed the 
initial user-charges for public domain 
lands. Secondly, it defined in more 
detail than any previous legislative 
action, the management functions of the 
Department of the Interior. Third, it gave 
legislative sanction to a philosophy of 
land management that emphasized the 
public welfare aspects of land use as 
opposed to the philosophy that would 
promote " commercialization." In 
retrospect , however, Congressional 
intent for the role to be played by public 
domain lands appears to have been 
essentially unchanged from that set for 
Forest Service lands. 
The preamble to the Act set the 
philosophy that prevailed for more than 
20 years: " To stop injury to the public 
grazing lands by preventing overgrazing 
and soil deterioration, to provide for 
their orderly use, improvement, and 
development, to stabilize the livestock 
industry dependent upon the public 
range, and for other purposes" (10). 
Authorization to assess grazing fees 
was given the Secretary of the Interior 
under provisions and amendments to 
section 3 of the Act: 
The Secretary of the Interior is 
authorized to issue or cause to be 
issued permits to graze livestock ... upon 
the payment annually of reasonable fees 
in each case to be fixed or determined 
from time to time, and in fixing the 
amount of such fees the Secretary of 
the Interior shall take into account the 
extent to which such districts yield 
public benefits over and above those 
accruing to the users of the forage 
resources for livestock purposes, .. . So far 
as consistent with the purposes and 
provisions of this chapter, grazing 
privileges recognized and acknowledged 
shall be adequately safeguarded, but the 
creation of a grazing district or the 
issuance of a permit pursuant to the 
provisions of this chapter shall not 
create any right , title, interest, or estate 
in or to the lands (10). 
One can find little evidence in the 
language of the Act , subsequent 
amendments to the Act , or events over 
the next 20 years, that signalled any 
basic change in the fundamental 
philosophy of Congress or the govern-
ment agencies relative to the intended 
role of these lands. The Act clearly 
emphasized that resource protection , 
development, and stability of the 
livestock industry were to be its 
paramount consequences. 
The subsequent amendment of the 
Act in 1947 seems to have reaffirmed 
the so-called " social " aspects of public 
domain land usage. Under the spon-
sorship of Representative Barrett of 
Wyoming, the following statement was 
included in the Act: " and in fixing the 
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amount of such fees the Secretary of 
the Interior shall take into account the 
extent to which such districts yield 
public benefits over and above those 
accruing to the users of the forage 
resources for livestock purposes" (7). 
This wording suggests that the users 
of grazing districts were not expected to 
pay full value for the commodity they 
consumed. The clause would tend to 
legalize the grazer's contention that 
" paying a fee for revenue ... is contrary 
to the fundamental principles on which 
this country was built. " It might further 
suggest that Congress intended for the 
Secretary to establish fees at whatever 
levels seemed likely to maximize the 
social product of the lands, with the 
implied condition that the fees make the 
program "self-sufficient." In fact, 
Clawson argues: "The Taylor Grazing 
Act was amended in 1947 to state more 
clearly the principle that grazing fees 
were to be based on the cost of ad-
ministration" (2). 
The problems of and controversy 
about public land policy were not 
arrested by enactment of the Taylor 
Grazing Act. Debates continued and fee 
levels increased. Fee increases during 
1936-68 are summarized in Table 1. 
In 1951, the issue of administrative 
costs or economic self-sufficiency of 
governmental agencies administering 
public lands was dealt with more 
directly. Congressional approval was 
given to the following : 
It is the sense of the Congress that any 
work, service, publication, report. 
document. benefit. privilege, authority, 
use, franchise. license, permit, cer-
tificate, registration, or similar thing of 
value or utility performed. furnished, 
provided, granted, prepared, or issued 
by any Federal agency (including wholly 
owned Government corporations as 
defined in the Government Corporation 
Control Act of 1945) to or for any person ' 
(including groups, associations or 
organization, partnerships. corporations, 
or business). except those engaged in 
the transaction of official business of the 
Government. shall be self-sustaining to 
the full extent possible ... (1) 
Regarding the establishment of use 
fees, Congress said: 
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And the head of each Federal agency is 
authorized by regulations (which. in the 
case of agencies in the executive 
branch. shall be as uniform as prac-
ticable and subject to such policies as 
the President may prescribe) to 
prescribe therefor such fee , charge. or 
price. if any. as he shall determine. in 
case none exists. or redetermine. in 
case of an existing one, to be fair and 
equitable taking into consideration direct 
and indirect cost to the Government. 
value to the recipient. public policy or 
interest served. and other pertinent 
facts. and any amount so determined or 
redetermined shall be collected and paid 
into the Treasury as miscellaneous 
receipts: Provided, That nothing con-
tained in this title shall repeal or modify 
existing statutes prohibiting the 
collection, fixing the amount, or directing 
the disposition of any fee. charge, or 
price. Provided further; That nothing 
contained in this title shall repeal or 
modify existing statutes prescribing 
bases for calculation of any fee, charge, 
or price. but this proviso shall not 
restrict the redetermination or 
recalculation in accordance with the 
prescribed bases of the amount of any 
such fee, charge. or price (1). 
Efforts to deal with the concept of 
economic self-sufficiency illustrated a 
growing problem with this idea. As the 
government agencies took on more and 
more functions consistent with the 
growing concern for implementing the 
multiple-use concept of land 
management, isolating the costs of 
administering c:l particular use such as 
grazing became more difficult and less 
easily defended. By 1954, the 
philosophy of fee determination on 
Bureau of Land Management (BLM) 
lands was once again restated to try to 
relate grazing fees to the market prices 
for the user's products . According to 
Foss, in 1954, 
The National Advisory Board Council 
agreed to a fee system based on the 
combined prices of cattle and sheep in 
the markets of the 11 western states. If 
cattle prices averaged $.17 per pound 
and sheep $.15 per pound during a given 
year, the average of the two. or $.16 in 
this case, would be the grazing fee per 
AUM during the following year (4). 
Although cattle and sheep prices 
were implemented into the fee-setting 
system, there is no reference or in-
ference that the system would result in 
fees which represent "full forage 
value." This basic system prevailed in 
the establishing of Bureau of Land 
Management (BLM) fees from 1954- 66. 
In more recent times, the grazing fee 
controversy had its inception in audit 
reports of the Comptroller General about 
1958. According to Radar: 
These reports noted that different 
methods were being used by the various 
federal agencies to establish fees and 
that charges made by some agencies 
were substantially below what was 
deemed to be the ma rket value of public 
grazing as reflected by lease rates on 
private lands (9). 
In October, 1959, Representative 
Aspinall of Colorado called these reports 
to the attention of the Department of 
Agr iculture and urged critical study of 
the interagency fee policies . An In-
terdepartmental Grazing Fee Committee 
with participants from the Departments 
of Agriculture , Defense, and Interior 
began investigations concurrently with a 
study by Bureau of the Budget per-
sonnel. 
The Bureau of the Budget report was 
published in 1964, and stated principles 
and guidelines for all federal agencies to 
follow in establishing grazing fees . 
Three fee principles, as enunciated by 
the report , are of special interest. 
First. a uniform basis should be used by 
all Federal Agencies in establishing fees. 
Second. fees should be based on the 
economic value of the use of the land to 
the user, taking into account such 
factors as quality and quantity of forage, 
accessibility and market value of 
livestock. Economic value should be set 
such that the government gets a fair 
return and there is equitable treatment 
to the users. Competitive bidding should 
be used where feasible or fees should 
be set such that they are comparable to 
fees charged on comparable state and 
private rangelands. Third, a lesser 
amount may be recovered where full 
payment would significantly impair a 
federally sponsored program (11). 
(One might suspect that the third pOint 
was deemed necessary in light of the 
extreme clarity of pOints one and two.) 
This statement of principles 
represented a radical departure from 
prior philosophies of user-charges as 
expressed in the 1934 Taylor Grazing 
Act and elsewhere. Notable by its 
absence, except for possible inference 
in the third point, is any mention of the 
concepts of preservation, stability, or 
social values. The statement is a strong 
commitment to extracting full economic 
values even to the pOint of initiating 
competitive bidding . The statement is 
provocative in another respect, not so 
much because of its content, but 
because of its source. The Bureau of 
the Budget had been given or had 
assumed a role in clarifying public land 
user-charge procedures. In the process, 
they attempted an unprecedented 
definition or redefinition of the goals and 
objectives of public land policy. 
As a result of these new guidelines, 
the agencies undertook the 1966 
grazing fee study. The hypothesis un-
derlining this study was that comparable 
public and private grazing would have 
the same value in a competitive market. 
This hypothesis was tested in a Utah 
study before being applied throughout 
the West. To make logically sound 
comparisons of grazing fees, either 
public or private, one must evaluate 
what each party in the lease con-
tributes. Thus, one must determine the 
total cost of the lease to the tenant. 
There is a great deal of variation in what 
each party contributes. At one end of 
the spectrum we have the landlord 
providing the land and all the services of 
managing the livestock; at the other 
end, we have the tenant leasing raw 
land with few improvements and 
providing all management services. 
Often one sees comparisons of public 
grazing fees in which the government 
provides the land and the permittee 
provides the livestock management, to a 
private lease where the landlord 
provides the land and all of the livestock 
management services. 
Data collected from ranchers in all of 
the western public land states were 
used to estimate the total cost of 
leasing public lands and the total cost of 
leasing comparable private grazing 
lands. These cost items are averaged 
and summarized in Table 2. 
Based on these data, the 1966 public 
grazing fee would be $1 .23 per AUM if 
the goal was to collect full market value. 
The average Forest Service grazing fee 
was $0.51 per AUM and the average 
BLM fee was $0.33 per AUM in 1966, 
thus, to reach full market value, fees 
'would have to be increased $0.72 and 
$0.90 per AUM by the two agencies. 
The 1968 Secretaries of Agriculture 
and Interior decided that the govern-
ment's grazing fee policy would be to 
collect "fair market value" for the use 
of public lands. In order to lessen the 
economic impact on the livestock in-
dustry it was decided to adjust the base 
fee over a ten-year period. The Forest 
Service base fee would increase 7.2 
cents per year and the BLM 9.0 cents 
per year. In addition to the base fee 
adjustments, the fees would be kept 
current with private lease rates by an 
annual adjustment in fees based on an 
index of private lease rates in the West. 
If one accepts the new philosophy of 
collecting full market value for all goods 
and services provided by the govern-
ment, the above position on grazing fees 
appears fair and reasonable. Thus, one 
might ask why has the livestock industry 
put up such a determined fight against 
the new fee policy. 
The livestock industry's main thrust in 
the grazing fee controversy has not 
been against the concept of the 
government charging full market value 
for the use of its grazing lands. The 
controversy has centered on the cost 
items used to arrive at the new base fee 
of $1 .23 per AUM. They agree with the 
items listed in Table 2 but believe 
strongly that one major cost of grazing 
on public lands has been omitted. Over 
the years , because grazing fees were 
set at less than full market value, the 
authorization to graze these lands has 
taken on a value. This value shows up 
either directly as a permit value or as an 
increase in the value of the com-
mensurate property of the rancher. 
Data on grazing permit values were 
gathered in the 1966 fee study. The 
averages were: $25.35 per AUM for the 
Forest Service and $14.41 per AUM for 
the BLM. In most public land areas of 
s 
the West there was a well-defined 
market for grazing permits and their 
value could be determined exclusive of 
livestock or real estate. The value of 
these permits was recognized as a 
capital asset by the lending institutions 
which financed the ranching community. 
These values were also recognized by 
local, state, and federal taxing agencies. 
Most of the current public land 
grazing permittees have purchased their 
permits from other ranchers . Thus, the 
permit represents a capital asset, just 
like their other real property. It is the 
livestock industry's pOsition that a "fair" 
grazing fee must take into account a 
return on the capital invested in the 
permit, which is a cost just as real as 
the other items listed in Table 2. If 
ranchers were allowed a 3 to 6 percent 
return on their investment in the grazing 
permit , there would have been no 
justification for an increase in the 
grazing fee base in 1966. For example, 
if a Forest Service permittee is given a 
3 percent annual return on his $25 
investment in the permit (which is then 
added to the total cost of grazing public 
lands), that process would essentially do 
away with the $0.72 differential between 
public and private lands (0.03 x $25 = 
$0.75). 
We have a case where both sides of 
an issue claim, with justification, that 
their position is fair and reasonable. This 
might help explain why there has been 
such a long hard battle between the 
agencies and the livestockmen over an 
issue that both sides admit has taken 
more time and energy than the dollars 
involved would justify. 
A court case was brought against the 
Secretaries over grazing fees by a 
representative of the livestock industry 
in New Mexico. The judge's opinion can 
be summarized in the following 
statement: 
The (Secretaries) have acted within the 
area of discretion and judgment com-
mitted to them by law in promulgating 
the new regulations, and thus there is no 
legal remedy here available to plaintiff. 
The relief which it desires can only be 
obtained through Congressional or 
executive channels. 
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Several attempts have been made 
through Congressional and executive 
channels for relief . At least four yearly 
moratoriums on fee increases have 
been granted and the Congress has 
acted on the issue in at least two 
places. Grazing fees were mentioned in 
the Federal Land Policy and 
Management Act of 1976. The 
Secretaries were instructed to conduct 
a study of grazing fees . The fees should 
be established within view that they 
should be equitable to the United States 
and to the users (3). 
In making such study, the Secretaries 
shall take into consideration the costs of 
production normally associated with 
domestic livestock grazing in the eleven 
Western states, differences in forage 
values, and such other factors as may 
relate to the reasonableness of such 
fees. 
A task force was formed by the 
Secretaries to study the grazing fee 
problem. This task force refused to 
reopen the permit value arguments. 
However, they did consider a new 
grazing fee formula that retained the 
base fee of $1 .23 per AUM and an 
improved private lease rate index plus 
two more annual adjustment indices. 
The two new indices were the price of 
cattle in the West and a cost of 
production index. The Secretaries 
reviewed the study made by the' 'task 
force " and decided not to change the 
existing grazing fee formula. 
The livestock industry was able to get 
a bill into the Congress on public lands. 
In this bill there was a section on 
grazing fees. The bill, now known as the 
"Public Rangelands Improvement Act of 
1978," passed Congress and was 
signed by the President. The section 
pertaining to grazing fees is as follows : 
Sec. 6. (a) For the grazing years 1979 
through 1985, the Secretaries of 
Agriculture and Interior shall charge the 
fee for domestic livestock grazing on the 
public rangelands which Congress finds 
represents the economic value of the 
use of the land to the user, and under 
which Congress finds fair market value 
for public grazing equals the $1 .23 base 
established by the 1966 Western 
Livestock Grazing Survey multiplied by 
the result of the Forage Value Index 
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(computed annually from data supplied 
by the Economic Research Service) 
added to the Combined Index (Beef 
Cattle Price Index minus the Price Paid 
Index) and divided by 100: Provided, That 
the annual increase or decrease in such 
fee for any given year shall be limited to 
not more than plus or minus 25 per 
centum of the previous year's fee (8). 
High beef prices (1979-80) kept 
grazing fees higher than they would 
have been with the old formula . 
However, low beef prices last year 
(1981) caused fees to decrease for the 
1982 grazing season . The livestock 
industry still does not believe it has 
been treated fairly on grazing fees 
because the permit value has not been 
included as a cost of dOing business. 
Therefore, it would not be a surprise, 
given the right pOlitical climate, if they 
attempt to get the permit value 
represented in the fee through the 
legislative process. 
There has been considerable 
discussion since 1969 about the 
"Forage Value Index" that is used to 
adjust fees annually. It was very difficult 
to identify the respondents to a 
Statistical Reporting Service 
questionnaire used to compute this 
index. It could not be determined if the 
respondents were involved in a 
rangeland lease or if they were simply 
reporting an opinion of the value of 
rangeland lease rates . Some changes 
have been made in the way data are 
collected for this index since it was 
originally used to adjust grazing fees . 
The two new indices added to the fee 
formula by the "Public Rangeland 
Improvement Act of 1978" are based on 
ranchers ' ability to pay . A difference of 
opinion about the long-term implications 
of adding these indices to the fee 
formula caused the 1985 review clause 
to be inserted into the Act. A summary 
of their reasons follows : 
The formula was established on a 7-year 
trial basis because "many groups and 
individuals concerned with the im-
provement of the range disagree with 
the concept of grazing fees dependent 
on beef cattle prices and the ranchers ' 
ability to pay, and do not believe lower 
fees will eliminate overgrazing. This trial 
period will give all sides an opportunity 
to study the elfects of tying the fee to 
beef prices, and also allow the 
Secretaries to refine their data on the 
value of Federal grazing lands as 
compared to privately-owned lands." 
(House Report No. 95-1122). At the end 
of the trial period, no later than 
December 31, 1985, the Secretaries are 
to report to Congress on the results of 
their grazing fee study. 
The source of the argument about the 
connection between grazing fees and 
overgrazing is unclear. Given the usual 
amount of rancher discretion allowed in 
setting stocking rates on public lands 
(none), there appears to be no empirical 
evidence that fee levels and overgrazing 
are related . If the new indices cause a 
reduction in grazing fees , there would 
be a reduction in the amount of money 
returned to the agencies for "on-the-
ground range improvements." On the 
other hand, high cattle prices would 
cause fees to be higher, thereby in-
creasing the monies going back for 
range improvements. 
A summary of the indices used in the 
grazing fee formula from 1966-1981 are 
presented in Table 3. 
The non fee costs of using public 
lands have increased substantially since 
the 1966 study. It has been estimated 
that it would cost 3 to 4 million dollars 
to update the 1966 grazing study. An 
approximation of what these nonfee 
costs would be can be made, however, 
by indexing the 1966 cost items to the 
present time. An example of what these 
costs would have been in December 
1980 is given in Table 4. 
Many critics of public land grazing fee 
pOlicies err in not making their com-
parisons of public and private fees on 
the basis of the total cost of using these 
lands. For example, the total cost of 
using public lands ($11 .34/AUM) should 
be compared to private lease rates for 
which the landlord provides all services. 
Instead, one usually sees $2.31 per 
AUM for public compared to $10 to $12 
for private rangelands . The grazing fee 
for the 1982 grazing season is 
$1 .86/AUM. Lower beef cattle prices 
caused the fee to go down from $2.31 
per AUM in 1981 . 
A continued controversy over public 
land grazing fees appears to be as 
inevitable as death and taxes. 
TABLE 1. Interior Department Grazing Fees 
from 1935·1968 (5) 
Fee$/AUM 
Year Cattle Sheep 
1936-46 $.05 $.010 
1947-50 .08 .016 
1951 -54 .12 .024 
1955-57 .15 .030 
1958 .19 .034 
1959-60 .22 .042 
1961 -62 .19 .034 
1963-65 .30 .060 
1966-68 .33 .066 
TABLE 3. Summary of Grazing Fee Indices 
from 1988·81, and an Example of 
Formula Use in Setting Fee 
Levels. 
Forage 
Value 
Year Index ' 
1966 100 
1967 100 
1968 102 
1969 105 
1970 111 
1971 111 
1972 118 
1973 129 
1974 148 
1975 159 
1976 178 
1977 197 
1978 189 
Beef 
Price 
Index 
Prices 
Paid 
Index 
1979 205 216 246 
1980 212 294 275 
1981 216 291 319 
Fair Market Value = $1 .23 (FVI) + (BPI - PPI) 
100 
1981 FMV = $1 .23 (216)(291- 319) 
100 
= 1.88 x $1 .23 = $2.31 
'Priva te Lease Rate Index. 
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TABLE 2. Summary of Combined Average Public Costs and Private Costs per Animal 
Unit Month-1966a 
Itemized Costs 
1) Lost An imals 
2) Associat ion Fee 
3} Veterinary 
4) Moving livestock, to & from allotments 
5} Herding 
6) Salting & Feeding 
7) Travel , to & from allotments 
8) Water 
9) Fence Maintenance 
10} Horse 
11) Water Maintenance 
12) Development Depreciat ion 
13) Other Costs 
14) Private Lease Rate 
TOTAL COSTS 
Difference 
Weighted Average 
Cattle Sheep 
Combined Combined 
Public Private Public Private 
Costs Costs Costs Costs 
$ $ $ $ 
0.60 0.37 0.70 0.65 
0.08 0.04 
0.11 0.13 0.11 0.11 
0.24 0.25 0.42 0.38 
0.46 0.19 1.33 1.16 
0.56 0.83 0.55 0.45 
0.32 0.25 0.49 0.43 
0.08 0.06 0.15 0.16 
0.24 0.25 0.09 0.15 
0.16 0.10 0.16 0.07 
0.19 0.15 0.11 0.09 
0.11 0.03 0.09 0.02 
0.13 0.14 0.29 0.22 
1.79 1.77 
---
3.28 4.54 4.53 5.66 
$1 .26b $1 .13b 
$1 .23 
~evetoped from Data analysis of the grazing fees technical committee- November 29. 1968. 
-, he difference weighted by corresponding AUMs resulls in weighted average of $1 .23. 
TABLE 4. Fee and Nonfee Costs of Grazing Federal Lands (Updated with December, 
1980 Index Numbers) 
Item 1966 
Lost animals 
Association fees 
Veterinarian 
Moving livestock 
Herding 
Salting & feeding 
Travel 
Water 
Fence maintenance 
Horse cost 
Water maintenance 
Dev. depreciation 
Other cost 
$0.60 x $2.57 
0.08 x 2.87 
0.11 x 2.88 
0.24 x 2.31 
2.88/2 
0.46 x 2.88 
0.56 x 2.31 
2.66/2 
0.32 x 2.31 
3.90/2 
0.08 x 2.87 
0.24 x 2.88 
3.01/2 
0.16 x 2.66 
0.19 x 2.88 
3.01/2 
0.11 x 2.87 
0.13 x 2.87 
(meat animals/prices received) 
(production items) 
(wage rates) 
(autos & trucks) + 
(wage rates) 
(wage rates) 
(auto & truck) + 
(feed) 
(auto & truck) + 
(fuel & energy) 
(production items) 
(wages) + 
(building & fencing) 
(feed) 
(wages) + 
(building & fencing) 
(production items) 
(production items) 
2.60 ave. 
2.49 ave. 
3.11 ave. 
2.95 ave. 
2.95 ave. 
= $1 .54 
= 0.23 
0.32 
0.62 
= 1.32 
1.39 
= 0.99 
0.23 
0.71 
0.43 
0.56 
0.32 
0.37 
TOTAL NON FEE COST 
1981 FEE COSTS: 
9.03 
TOTAL 1981 COSTS: 
Forest Service = $2.31/AUM 
BLM = $2.311AUM 
Forest Service- $9.03 + $2.31 = $11 .34 
BLM-$9.03 + $2.31 = $11 .34 
Indices taken from USDA. " Agricultural Prices." Washington, D.C., Economic and Statist ical Services, 
December 31 , 1980, Page 7. 
5. Hearings on Grazing Fees on Public Lands Before the 
Subcommittee on Public Lands of the Senate Committee 
on Anterior and Insular Affairs. 91st Congress. 1st 
Session (1969). 
6. Nielsen. Darwin B. and E. Boyd Wennergren. Public 
Policy and Grazing Fees on Federal Lands: Some 
Unresolved Issues. Land and Water Law Review. Vol. V. 
No. 2. 1970. 
7. Peffer. Louise E. The ClOSing of the Public Domain. 
Stanford. California: Stanford University Press. 1951 . 
8. Public Rangetands Improvement Acl of 1978. Public Law 
95-514. 
9. Rader, the U.S. Forest Service. Bureau of Land 
Management Grazing Fee Study-Policy Implications. 
(Unda ted and unpublished report to U.S. Department 01 
Agr icullure. Economic Research Service. Farm 
Production Economics Division.) 
10. Taylor Grazing Act. Ch. 865. 48 Stat. 1269 (1934). As 
amended (codified in scattered sections 01 43 U.S c.). 
11 . U.S. Bureau of the Budget. Natural Resources User 
Charges Sludy (1964). 
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BUR UITI~RCUP 
A Weedy Immigrant 
MARY E. BARKWORTH 
IT IS EAAL Y SPAI NG, with night-time 
temperatures dropping close to freezing, 
when you first notice a dense mat of 
tiny green plants growing beside a well-
travelled road or driveway. This might 
well be your first introduction to Bur 
Buttercup, one of our earliest blooming 
plants. It is not restricted to roadsides, 
but also grows on sagebrush slopes and 
in open fields, where it is less 
noticeable. 
If you examine the mat closely, you 
will find it is made up of hundreds of 
individual plants, with few of them being 
much over one inch tall , even those that 
are flowering (Figure 1). Each plant has 
a basal rosette of leaves, which are 
divided into narrow, linear segments. 
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FIGURE 1 
Overall aspect of Bur Buttercup. Note its 
short stature, the absence of stem leaves, 
and the woolly hairs. (Photo by J . D. Olsen) 
.,,~ .... .. ~ . 
,,, ~!:,,;;~ ... , -~ 
FIGURE 3 
Individual fruits of Bur Buttercup. The origin 
of the specific epithet "testiculatus" is ob-
vious. 
FIGURE 2 
Bur Buttercup in fruit. Definitely not an ap-
petizing morsel! (Photo by A. J . Shaw) 
FIGURE 4 
A representative true buttercup (Ranunculus 
e choltzii). Note the leafy stem, absence of 
white, woolly hairs, and the many stamens 
lying against the petals. (Photo by J . M. 
Palmer) 
FIGURE 5 
Flower of a true buttercup (Ranunculu or-
thorhynchu ), showing the individual pistils 
clustered on a hemispherical receptable . 
(Photo by J . M. Palmer) 
FIGURE 6 
Fruiting heads of a true buttercup (Ranun-
culus occidentalis). Note that some of the 
individual fruits have already fallen off the 
head. 
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FIGURE 7 
The documented distribution of Bur Buttercup in Utah. Numbers indicate the year of 
collection: 1, 1932-1935; 2, 1936-1940; 3, 1941-1945; 4, 1946-1950; 5, 1951 -1955; 6, 
1956-1960; 7, 1961-1965; 8, 1971 -1975; 9, 1976-1980; 10, 1981 . 
8 UTAH SCIENCE 
The sOlitary flowers are borne at the top 
of leafless, flowering stalks or 
" scapes," which grow from the axils of 
the leaves. These stalks have a con-
spicuous covering of white, somewhat 
woolly, hairs, as do the leaves and 
sepals. 
The flowers themselves have five 
bright yellow petals about a quarter-inch 
long, surrounded by six to ten shorter 
and narrower green sepals. At the 
center of the flower there is a cluster of 
fifteen to thirty separate pistils, each 
with an ovary at the base. Each ovary 
contains a single ovule that develops 
into a seed after fertilization. Around the 
pistils and inside the petals are the 
stamens. 
The most distinctive features of Bur 
Buttercup, however, are associated with 
its fruiting head (Figure 2). This prickly 
looking structure is far larger than the 
flower, often becoming more than one 
inch long and slightly less than one-half 
inch in diameter at maturity. The 
"prickles " are actually the elongated, 
enlarged, and hardened bases of the 
styles. Their resemblance to horns may 
be the basis for the first part of Bur 
Buttercup's scientific name, 
Ceratocephalus testiculatus, for ceratus 
is Latin for horned and cephalus means 
head. A glance at an individual fruit 
(Figure 3) explains the second part of 
the name. The two " testicles " are 
hollow chambers , The single seed 
occupies a third chamber that lies 
between the other two and is directly in 
line with the style. 
Most North American references still 
cite Bur Buttercup as Ranunculus 
testiculatus, including it in the same 
genus as the true Buttercups (Figures 4, 
5, 6). Bur Buttercup and other members 
of its genus differ from true Buttercups 
in many ways (Table 1), however, in-
cluding their distinctive fruits . Con-
sequently, taxonomists in other parts of 
the world now treat them as a separate 
genus, ·Ceratocephalus. 
Origins 
Like many of our aggressive weeds, Bur 
Buttercup comes from the 
Mediterranean region , parts of which 
have soil and climatic conditions similar 
to those of Utah. The Mediterranean 
region also has a long history of human 
habitation and agriculture and hence, a 
long history of well travelled roads and 
heavily grazed sites. Such sites put a 
premium on plants that can germinate, 
flower, and set seed before the soil 
dries out. Bur Buttercup is one species 
that can do this. In Utah, it flowers in 
March or early April and has set seed 
by mid-May. When flowering it is very 
short and, presumably, not particularly 
attractive to grazing animals. The 
fruiting heads are conspicuous, but their 
hard, prickly natures as well as their 
dried-up appearance must surely make 
them unappetizing to all but the 
hungriest animals. Thus, Bur Buttercup 
was well adapted to growing in Utah, 
long before it actually arrived. 
Recent History 
One of the most intriguing uses of 
herbarium collections is in trying to 
trace the introduction and spread of 
weeds such as Bur Buttercup. The first 
documented occurrence of Bur But-
tercup in the United States is a 1932 
collection made at the mouth of Mill 
Creek Canyon by A. O. Garrett, a high 
school teacher in Salt Lake (Arnow et al. 
1980). The plant soon began to turn up 
in other parts of Utah (Figure 7). 
Because the map is based on actual 
herbarium specimens, it is reasonable to 
assume that Bur Buttercup occurs in 
more areas than are shown. It may even 
have been present in those that are 
shown a year or two before a collection 
was made. Nevertheless, the overall 
pattern of its distribution is probably 
correct. Its recent discovery in the 
Uintah Basin probably reflects both an 
increased collecting activity in that 
region (associated with environmental 
impact studies) and fairly recent in-
troduction, possibly as seed inad-
vertently carried in by surveying crews 
or by those preparing the impact 
studies. 
Bur Buttercup has also been 
collected in Oregon, Washington, Idaho, 
Montana, Wyoming, California, Nevada, 
Colorado, and Nebraska. Utah may have 
been the state where it was first 
recorded, but other western states were 
not far behind. A quick survey of a few 
major herbaria has revealed that Bur 
Buttercup was first found in Oregon in 
1938, and in Washington in 1940. Dr. 
Weber, of the University of Colorado, 
states that the first collections for 
Colorado date from 1948 but that it 
" was undoubtedly here a long time 
before that" (personal communication). 
Yet to Come 
The story of its spread is obviously 
incomplete. In addition to finding new 
sites within its present range, Bur 
Buttercup seems to be extending that 
range eastward; it was discovered in 
Nebraska in 1970 (Macgrath and 
Weedon 1974). By now it may well be 
further east. 
You can help us document the further 
spread of Bur Buttercup! Weedy 
species are often easy to find. For 
instance, the Nebraskan collection was 
made at a public campsite . If you find 
some plants that you think might extend 
the known range of Bur Buttercup, 
please press and dry a specimen and 
send it to the Intermountain Herbarium, 
Department of Biology, UMC 45, Utah 
State University. We would need to 
know where you found it, the date you 
collected it, the kind of locality in which 
you found it (roadside, campsite, etc.), 
and your name. If the map changes as a 
result of the specimens we receive , we 
shall send an updated version to those 
who have sent us specimens. 
TABLE 1. Differences between the Bur But· 
tercups (Ce,atocephalus spp.) 
and the True Buttercups 
(Ranunuculus spp.). 
Longevity 
Leaves 
Pubescence 
Stamens 
Receptable 
Fruit Heads 
Fruits 
Bur Buttercups True Buttercups 
Annuals 
All basal. none 
on stems 
Woolly-pubes-
cent 
5-15 
Mostly perennials 
Both basal and on 
stems 
Usually glabrous. 
not woolly 
Usually more than 
15, often many 
more 
Elongate. Short. hemispheric 
cylindric 
Remain intact at DiSintegrate at 
maturity maturity. the fruits 
falling off 
Style elongated, Style short , not 
hardened. Three hardened. One 
chambers pres- chamber present 
ent 
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BUR BmTt~RCUP 
IT WILL GET YOUR SHEEP IF YOU DON'T WATCH OUT 
A 
Sheep'8 
Love .. Me~ 
Not 
FIGURE 1 
BUR BUTIERCUP (Ceratocephalus 
tesUculatus), is a small gray·green, woolly, 
early·appearing annual weed from 1 to 5 
inches high, having small yellow flowers 
and characteristic bur·like clusters of fruit. 
This plant can be highly toxic to sheep. 
FIGURE 2 
Edema of varying degrees is a common 
finding on the surface of the rumen (A) 
and reticulum (B) of sheep poisoned by 
bur buttercup. 
FIGURE 3 
Hemorrhage (dark red color, arrows) on the 
inside surface of the left ventricle of the 
heart was a consistent finding in ex· 
perimental sheep poisoned by bur but· 
tercup. 
FIGURE 4 
Bur buttercup poisoning caused areas of 
congestion (dark red areas indicated by 
arrows) in the lungs of sheep, and ac· 
cumulation of excessive yellow fluid (A) in 
the thoracic cavity. 
J. D. OLSEN, T. E. ANDERSON, and GARY MADSEN 
BUR BUTIERCUP (Ceratocephalu 
te ticulatu ) is a small gray-green, 
woolly, early-appearing (March-May) 
annual weed. When mature, this native 
of southeastern Europe is generally from 
one to five inches high. The plants have 
small yellow flowers and characteristic 
bur-like clusters of fruit (Figure 1). In-
troduced into the western United States, 
the plant was first identified in Utah in 
1932. It 'now grows in California, 
Colorado, Idaho, Nebraska, Nevada, 
Oregon , Utah, and Washington . Plants 
have been found on foothills , sage 
slopes, old sheep bed-grounds, and 
other waste places, and they seem to 
spread rapidly. Heavy stands have been 
reported on recently. seeded crested 
wheatgrass range , and the weed is 
invading grain and alfalfa fields . 
Bur Buttercup is not a true But-
tercup* and has not been considered to 
be a poisonous plant. Its close relatives , 
the true Buttercups . however, have a 
different record . At least nine species of 
Buttercups are poisonous, with some 
causing significant death losses in 
domestic animals. 
· See Bur Buttercup: A Weedy Immigrant by M. E. 
Barkworth in this issue. 
In cases of true Buttercup poisoning by 
known toxic species , clinical signs and 
postmortem findings generally indicate 
an irritant action upon the digestive 
tract. The varying degrees of in-
flammation are accompanied by 
diarrhea, depression, labored 
respiration, slowing of pulse , and 
sometimes kidney inflammation. 
Canadian researchers observed that 
sheep voluntarily grazed tall Buttercup 
(RanuncuJu acri) throughout its 
growing season, while beef cattle 
avoided it except on rare occasions . 
They noted that consumption of large 
amounts of tall Buttercup by ruminants 
did not cause any visible signs of 
pOisoning under the conditions of their 
experiments. 
The sudden death of about 150 ewes 
as they grazed Bur Buttercup in central 
Utah prompted our experimental 
studies. We found Bur Buttercup to be 
highly toxic to sheep. 
Field case 
About 800 range sheep, mostly ewes in 
late pregnancy, had been gathered from 
winter range in- west-central Utah. As 
usual, the sheep were penned without 
feed or water for 18-20 hours before 
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they were loaded into trucks for a five-
hour transport to lambing sheds . 
All the sheep were routinely unloaded 
into a fenced , 20-acre pasture adjacent 
to the lambing sheds at about 1 P.M. 
Monday. It was estimated that the 
pasture contained over 50 percent Bur 
Buttercup; the remaining vegetation was 
almost entirely cheatgrass (Bromus 
tectorum) . The sheep were provided 
water ad libitum . That evening about 
250 of the sheep were penned for 
shearing . These sheep had access to 
Bur Buttercup for about five hours. The 
remainder of the sheep were left in the 
Bur Buttercup/cheatgrass pasture until 
the following day. 
The first signs of illness were noted 
the next morning as watery diarrhea and 
several animals down and weak. By late 
Tuesday afternoon, four animals were 
dead. The sheep that had remained on 
pasture were then penned and fed hay. 
The relative numbers of affected sheep 
were similar in the group penned 
Monday evening and those taken off 
pasture Tuesday afternoon. The owner 
began treating the sheep Tuesday, as 
prescribed by the attending veterinarian 
(T. E. Anderson), but little beneficial 
response was observed. 
By Wednesday, affected sheep 
evidenced diarrhea, labored breathing, 
and general body weakness, and many 
were down, unable to arise. Some af-
fected sheep had rectal temperatures of 
104°F (40°C). Several animals were 
necropsied by Dr. Anderson. Samples of 
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body tissues were sent to the USDA 
Poisonous Plant Research Laboratory in 
Logan , Utah for study. 
Although clinical signs were not 
suggestive of transport tetany or 
ketos is, blood and urine samples were 
collected from affected animals. Blood 
serum calc ium values ranged from 8.5 
to 13.7 mg percent and were con-
sidered normal. No significant ketouria 
was detected. The tentative diagnosis 
was toxicosis, probably of plant origin. 
Experimental studies 
Our efforts to determine if Bur But-
tercup was the culprit were cont inued 
the next year . Fresh green plant 
material was collected in plastic bags 
during late Apr il and early May. At that 
time, the stage of growth varied from 
early flower to early seed stage. The 
sealed plastic bags were transported to 
the laboratory, weighed, and im-
mediately frozen . Representative frozen 
samples were dried to determine 
moisture content and were subsequently 
used to measure the toxicity of the dried 
plant in sheep using oral gavage with 
water. In addition , green plants (about 
75 percent water) were ground while 
frozen , weighed, mixed with warm 
water, and immediately given to fasted 
sheep by oral gavage. 
The mean lethal dose for frozen green 
plant was determined by giving five 
dosage levels. Four sheep were used at 
each dosage level. The results are 
summarized in Table 1. The LD50 is the 
dose (calculated from the experimental 
results) that would theoretically kill 50 
percent of any sheep that ingested it. 
The LD50 was about equiva lent to 1 .1 
pounds of green plant for a 100-pound 
sheep. When ill , the experimental sheep 
had varying degrees of diarrhea, labored 
breathing , occas ional fever, weakness, 
and lack of appetite . The time between 
dosing and death was highly dose 
dependent. Based on results from four 
sheep that were given daily doses of 
0.25 ounces green plant per pound body 
weight for five consecut ive days, the 
toxic effect of the plant does not seem 
to accumulate to a significant degree. 
Mild signs of toxicity were noted in 
these sheep for several days early in 
the dosing period, but most were doing 
wetl at the end of five days dosing. 
The dried plant material was relatively 
nontoxic. Only mild signs of toxicity 
were seen in sheep given amounts of 
dried plant that were equivalent to 4.6 
times the dose of green plant material 
that had killed 100 percent of the sheep 
that received it. 
The most consistent pathologic 
changes seen at necropsy of ex-
perimenta l animals were: edema of the 
rumen wall (Figure 2); hemorrhage on 
the inside of the left ventr icle of the 
heart (Figure 3) ; congestion of the lungs 
(Figure 4), liver, and kidneys; and 
varying amounts of excessive, clear, 
yellowish fluid in the thoracic and ab-
dominal cavities . 
The following were concluded from the 
field observations and experimental 
studies: 
1. Bur Buttercup can be highly toxic to 
sheep, with a lethal dose being as 
little as 1.1 pounds of green plant for 
a 1 DO-pound sheep. 
2. When hungry sheep are put onto 
range with over 50 percent Bur 
Buttercup forage, a lethal dose can 
easily be consumed in less than five 
hours. It seems likely that animals on 
a normal grazing regimen or 
receiving some supplemental feed 
would seldom eat enough Bur But-
tercup to be poisoned. 
3. The primary clinical signs of Bur 
Buttercup poisoning are weakness, 
depression , diarrhea, labored 
breathing , off feed , and occasionally 
fever . 
4. The primary postmortem findings in 
Bur Buttercup poisoning were varying 
degrees of : edema of the rumen; 
hemorrhage in the left ventricle of 
the heart ; congestion of the lungs, 
liver, and kidneys: and excessive 
fluid in the thoracic and abdominal 
cavities . 
TABLE 1. Median lethal dose (LOu) for sheep given a single dose of bur buttercup 
(Cerlltocephlllus testicullltus) by stomach tube. 
Dose ' Average Mortality Time LD50' 
Ou nces/pou nd BodyWeighP Rate) Until Death· Ou nces/pou nd 
Pounds (hours) 
0.18 90 0 
0.25 85 0 
0.35 96 1 39-47 0.38 
0.49 91 4 3-11 
0.67 87 4 2.5- 4 
1 Ounces of green plant (ca. 75 percent H20) in flower stage of growth, ground while frozen, weighed. 
mixed with warm water. and given in a single dose, per pound of body weight. 
2. After l8-hour fast . shorn. average for four sheep per dose. 
3. Number of sheep that died within four days after gavage. 
4. Time interval between gavage and when animal was found dead. The one dead sheep at dose 0.35 
was observed alive late in the evening and found dead early the next morning. 
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PLANTS, GRAVIlY, 
MECHANICAL SI AESSES 
CAPTIONS FOR PHOTOS 
ON PAGES 14& 15: 
-Editor's note: Color paging limitations required 
that figures 7, 10, 11, and 12 be situated on page 
19; 13 and 14 to be on page 21 . 
Figure 1. Two young tomato plants bending in 
response to gravity. Most of the leaves were 
stripped from one plant, both were laid on their 
sides. and a photograph was taken. Three and five 
hours later, photographs were also taken. 
Figure 2. The tomato and castor bean plants had 
bent to the vertical within about eight to twelve 
hours (photo taken after 24 hours). The wheat plant 
required 48 hours to bend as it appears in the 
second photograph. 
Figure 3. Imagine these Douglas fir and other trees 
if their main stems hadn' t oriented vertically in 
relation to the gravitational force ! 
Figure 4. Branches of these Norfolk Island Pines 
(on the east coast of Australia) start out growing 
slightly upward but halfway down the trunk become 
almost as horizontal as the cross bar on a 
telephone pole. A branch from such a tree was 
rooted 75 years ago and has been growing 
horizontally in a greenhouse in Munich, Germany, 
ever since. 
Figure 5. The photograph on the left shows a 
tomato plant before it was put on the clinostat; the 
middle photograph shows it on the clinostat ; and the 
right photograph shows the plant after being on the 
clinostat 24 hours. 
Figure 6. These three "Bonny Best" tomato plants 
are all the same age, grown in a summer 
greenhouse covered with a 55 percent shade cloth 
(essential to a good response), and irrigated with a 
capillary watering system. The plant on the left was 
undisturbed. The center plant was placed on a 
gyratory shaker (282 RPM) for 30 seconds once 
each day. The right plant was placed on the shaker 
twice each day. Shaking treatments began 28 days 
before the photograph was taken. (Photograph 
courtesy of Cary A. Mitchell, Associate Professor of 
Horticulture, Purdue University.) 
Figure 8. Effects of ethylene on leaf form of tomato 
plants kept under bell jars for about 24 hours. The 
plant on the left was surrounded by normal at-
mosphere. The plant on the right was treated with 
the gas ethylene at a concentration of about 4 ppm. 
The plant in the middle shared a bell jar with a 
portion of an overripe apple, which gives off 
ethylene. Note the strong downward bending 
(epinasty) of the two plants exposed to ethylene. 
Figure 9. The camera was set up so that its lens 
was on the axis of rotation (the plant stem). Four 
exposures were made as the plant rotated through 
one complete revolution. The prints have been 
arranged so that the plant is in the same position in 
each photo and the room appears to rotate around 
it. Note the different positions of each of the three 
large leaves as they respond to gravity ("flop" ) 
while the plant rotates. 
Figure 15. The top, whole castor bean plant is the 
control. The middle plant had all its leaves and 
buds, including the apical buds, removed: it bent 
nearlY as much as the control. The bottom plant had 
its stem removed about halfway up in the portion 
that was expected to bend. The remaining stem did 
bend, although not quite as much as in the other 
two stems. (Experiment of Julianne Sliwinski.) 
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FRANK B. SALISBURY, RAYMOND M. WHEELER, 
JULIANNE E. SLIWINSKI, and WESLEY J. MUELLER 
TAKE A YOUNG BEAN PLANT growing 
in a pot. Lay it on its side in a dark 
closet , and examine it after a few hours. 
Or lay it on its side and take a multiple 
exposure photograph by opening the 
shutter every hour or perhaps every 30 
minutes, as we did for Figure 1. It 
doesn't matter much which species you 
use; much of our research has been 
done with castor bean, tomato, pepper, 
and cocklebur plants. Most species 
show a gradual, smooth bend in the 
stem after a few hours so that the tip 
regains its vertical position. Tomato 
plants bend at the nodes where leaves 
originate, rather than evenly along the 
stem, and members of the grass family 
such as wheat or barley, also bend 
sharply at the nodes (Figure 2). 
Often, whfm we relate how a plant 
laid on its side bends upward at the tip, 
people assume that the plant is bending 
up toward light coming from above. 
Hence, the dark closet: to show that 
the response fs really to gravity and not 
to light. It is true, however, that plants 
do bend toward the light, as most of us 
have noted when our houseplants bend 
toward a window. Light coming con-
tinually from one side can overpower 
the response to gravity. If a plant is laid 
on its side and the light placed below, at 
a certain brightness the plant will bend 
downward toward the light-opposite to 
its gravity response. But the purpose of 
this article is to discuss the gravity 
response, so we won 't further pursue 
the response to light (phototropism). 
When you think about it , many plant 
responses to gravity become apparent. 
Imagine a forest conSist ing of plants 
that couldn 't distinguish between up and 
down ! Trunks and branches would be 
going in all directions, and the forest 
would look somewhat like a pile of logs 
spilled over a waterfall. Or if the trees 
responded to the average position of the 
sun in the sky, they would all be leaning 
sharply toward the south in the northern 
hemisphere, more so the farther north 
one went. 
As it is, trunks of trees and main 
stems of herbaceous plants and even 
shrubs grow either straight up and down 
or generally in an upward direction 
(Figure 3). Tap roots grow downward. 
Many leaves, branches, runners , 
stolons, and branch roots grow 
horizontally or at some other angle in 
relation to gravity. These responses 
were collect ively called geotropism 
(response to the earth) until rather 
recently when we have begun calling 
them gravitropism (response to gravity, 
which should work as well on the moon 
or mars as on earth). Most study has 
concerned the positive gravitropic 
responses of roots or the negative 
responses of shoots. Botanists have 
long been aware that horizontally 
growing organs would also be in-
teresting to study (such as branches of 
the Norfolk Island Pine: Figure 4), but 
the simpler straight-up-and-down 
responses have occupied most of the 
research time. There are numerous 
complicat ions as it is. For example, 
roots of corn (typical of many species) 
grow randomly in any direct ion until they 
are illuminated, after wh ich they 
become highly negatively gravitropic 
and grow downward. 
Weightless Plants and Cllnostats 
What would happen if a plant grew in 
the absence of gravity? Since 
gravitat ional forces permeate the 
universe, th is is apparently not possible, 
but in an orbiting satellite, the force of 
gravity pulling the satell ite toward the 
orbited planet is exactly matched by the 
momentum of the satellite, which tends 
to move in a straight line. The satellite 
and everything within it are essentially 
weightless and could not be weighed on 
an orbiting balance or spring scale. 
How would a plant grow if it were 
weightless? Long before satellites were 
available for experimentation, the 
German plant physiologist, Julius von 
Sachs, asked the question, and in 1873 
he published a description of how we 
might get an answer. Sachs reasoned 
that if a plant were laid on its side and 
then slowly rotated around a horizontal 
axis (an axis at right angles to the 
direction of the earth 's gravitational 
force), the plant response time to gravity 
would most likely be longer than the 
rotation time, and since gravity would be 
coming from all directions during each 
rotation , the plant would average the 
changing directional gravity forces to 
arrive at zero; it would respond as 
though it were weightless. Sachs went 
on to reason that fractions of the earth 's 
gravitational force could be simulated by 
tipping the axis to various angles bet-
ween horizontal and vertical. Sachs 
called the device used to rotate the 
plant a clinostat (new Latin from Greek 
meaning " slope made constant " ). 
Clearly a plant on a clinostat is not 
weightless; at any given instant it 
weighs as much as it would if it were 
not being rotated. But it is being sub-
jected to gravity compensation. 
There was much work with clinostats 
near the end of the 19th century and 
early during the 20th. W. F. Ganong said 
in 1904 that a clinostat was "the most 
important piece of apparatus in the 
laboratory of plant physiology." By 
1920, work with clinostats had waned, 
and few experiments were done until the 
1960s when the developing space 
program again made the question of 
plant responses to gravity an interesting 
one, since it should be possible to 
compare plant responses on a clinostat 
·with plants grown in an orbiting satellite. 
Although there have been many 
clinostat experiments since the 1960s, 
the field is still dormant compared to 
other fields of plant physiology. 
What happens to plants rotated on a 
clinostat? The most obvious response is 
a downward bending of leaves, called 
leaf epinasty, which begins to appear 
after an hour or two (Figure 5). Epinasty 
is observable in virtually all leafy plants 
that have been studied (except grasses), 
but other responses have also been 
reported. Sometimes stems or roots 
grow more rapidly; other times they 
grow more slowly than normal. Usually 
plants are more sensitive to gravity or 
light following several hours of clinostat 
rotation . In our research so far , we have 
concentrated on leaf epinasty. 
Would plants in a satellite exhibit leaf 
epinasty? Perhaps. Only once have leafy 
plants been observed in an American 
satellite (Biosatellite II , launched 
September 7, 1967). These were pepper 
plants, and their leaves did indeed 
exhibit epinasty. Russians have ap-
parently grown plants in satellites on 
several occasions, but their reports say 
nothing about epinasty. Apparently the 
plants died, but the Russians now say 
that this is because of a poor water 
supply, which is certainly a problem in 
weightlessness . 
Flopping Leaves: Mechanical Stress 
Effects? 
In the early 1970s a complication began 
to become apparent. It developed from 
an interesting train of reasoning : 
(1) Plant physiologists became aware 
of plant responses to mechanical 
stresses. Figure 6 shows greenhouse-
grown tomato plants that have been 
shaken once or twice each day com-
pared with plants that have not been 
shaken. The plants that were shaken for 
only a few seconds each day are much 
shorter than those that were not shaken. 
Figure 7 shows the effects of spraying 
greenhouse tomato plants with water 
once each day; again, the inhibition in 
growth is quite noticeable. While a 
shortening of tomato plants in the 
greenhouse would make culture simpler, 
the mechanical stress treatment un-
fortunately reduced yield by a few 
percent. Outside, plants are always 
exposed to the mechanical stresses of 
breezes and winds , not to mention rain, 
cultivation, and being jostled by animals. 
(2) Studies in several laboratories 
indicated that the symptoms of 
mechanical stress applied to plants 
were caused by the gas, ethylene. It has 
been known for many years that 
ethylene can affect plant growth in 
various ways , and since the mid-1960s 
ethylene has been recognized as a 
hormone occurring universally in plants . 
Ethylene applied to plants at low con-
centrations in the atmosphere produced 
the same symptoms as mechanical 
stresses. Furthermore, it is possible to 
measure an increase in ethylene given 
off by plants an hour or two after they 
are mechanically stressed. 
(3) It has been known for decades 
that ethylene applied to plants causes 
leaf epinasty. Figure 8 shows a tomato 
plant that was exposed to an atmos-
phere containing a small amount of 
ethylene. 
(4) It was easy to see that a plant on 
a clinostat experienced mechanical 
stress , namely that of leaf flopping . 
Figure 9 illustrates the leaf flopping of 
two tomato leaves as the plant was 
rotated around a horizontal axis passing 
through the stem. 
(5) Measurements of clinostated 
plants showed that thei r ethylene 
production increased. 
A New Model for Response to 
Clinostating 
These five points provided strong cir-
cumstantial evidence for the following 
hypothesis: Leaf flopping on a clinostat 
is a mechanical stress that causes 
production of ethylene, and the in-
creased ethylene causes leaf epinasty. If 
this model proved correct, then epinasty 
and perhaps other clinostat responses 
as well are responses not to gravity 
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compensation, but only to the 
mechanical stresses of clinostating. If 
this were the case, there would be no 
reason to expect plants on a satellite to 
exhibit epinasty and perhaps other 
symptoms. But what about the pepper 
plants flown on Biosatellite II? Perhaps 
their epinasty was caused by the rather 
severe mechanical stresses during 
launch, rather than the nominal 
weightlessness experienced during orbit. 
This was about the status of things 
when we got interested. We prepared a 
proposal to NASA and were granted 
funds for "An examination of the 
clinostat problem using leafy plants." 
Cllnostat Ethylene 
We took three approaches in our study, 
based on predictions from the model: 
Fi rst, if clinostat epinasty is caused by 
ethylene as the model suggests, then 
inhibiting ethylene production, or 
inhibiting ethylene effects on plants, 
should inhibit clinostat leaf epinasty. A 
compound called 
aminoethoxyvinylglycine (AVG) had been 
shown by other workers to inhibit 
ethylene synthesis in plants . Silver ions 
(AG +) had also been shown by others 
to inhibit the action of ethylene. We 
used these materials (and some others) 
to show that development of epinasty on 
a clinostat is greatly retarded by 
ethylene inhibitors (Figure 10). The 
model 's prediction worked out exactly. 
Ethylene seems to be the origin of 
epinasty in clinostated plants. But is 
ethylene production caused by 
mechanical stress or by gravity com-
pensation? 
Shooting Down the Model: Leaf 
Flopping Without Gravity Com· 
pensatlon 
Second, the model predicts that 
mechanical stresses approximately 
equivalent to those caused by leaf 
flopping on a clinostat should lead to 
production of ethylene and a con-
sequent epinasty. We tried many ap-
proaches: shaking plants on a 
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mechanical shaker, rotating them 
quickly back and forth around a vertical 
axis, and just plain shaking by hand. In 
our most logical approach, we placed 
plants upright on the clinostat turn-
tables, and once every four minutes 
(normal clinostat rotation time) we 
tipped the turntables so plants were 
horizontal. Then we rotated them once 
in ten seconds. The rotation was slow 
enough that centripetal forces were 
inSignificant, but fast enough that the 
plants had little time to experience 
gravity compensation . They were in an 
upright position 90 percent of the time. 
We call this intermittent clinostating. 
To our considerable surprise, none of 
these mechanical stress treatments 
generated any epinasty greater than 
control plants that were not 
mechanically stressed in any way 
(Figure 11). Only severe shaking several 
times a day caused more epinasty than 
demonstrated by control plants. These 
results suggest that mechanical 
stresses can indeed produce enough 
ethylene to cause epinasty, but that the 
mechanical stresses of clinostating are 
not sufficient to do this. Nevertheless, 
our experiments and those of others 
implicate ethylene in clinostat epinasty. 
Perhaps gravity compensation can some 
way account for ethylene production. In 
any case, we were suddenly confronted 
with experimental results that were 
quite incompatible with the model. 
Gravity Compensation Without Leaf 
Flopping 
Our third approach was opposite to the 
second one; namely, to reduce the 
mechanical stresses of leaf flopping 
without eliminating gravity com-
pensation. The technique that worked 
the best was to carefully invert plants 
with a minimum of leaf flopping , leaving 
them upside down half the time, usually 
20 minutes erect and 20 minutes upside 
down. This is a sort of "poor-man's 
clinostat. " Indeed, plants that were 
gravity compensated by inversion 
developed leaf epinasty to about the 
same extent as plants on a clinostat 
(Figure 12). 
Taken together, the results of our 
second and third approaches essentially 
disprove the mechanical-stress 
ethylene epinasty hypothesis . 
Apparently the mechanical stresses of 
leaf flopping are simply not great 
enough to produce enough ethylene to 
cause epinasty, although gravity 
compensation (even with greatly 
reduced mechanical stresses) does 
cause epinasty. So, after all , the pepper 
plants on Biosatellite II were probably 
epinastic because of near 
weightlessness and not the stresses of 
launch. 
How Do Plants Respond to Gravity? 
How do plants respond to gravity in the 
first place? Whatever the response 
mechanism is, it must be upset by 
weightlessness or gravity compensation, 
leading to ethylene and epinasty. 
Over 80 years ago, it was suggested 
that plants respond to gravity as cell 
bodies called amyloplasts, which contain 
grains of starch, settle to the bottom of 
plant cells . Such settling has often been 
observed, but how the settling could 
cause stems to bend upward (or roots 
downward) remains unknown. On a 
clinostat, or when plants are upside 
down for 20 minutes at a t ime, 
amyloplasts might be " stirred" or 
otherwise suspended in the cytoplasm 
of the cell rather than lying on or 
against the bottom or side. Actually, the 
amyloplasts seldom contact even the 
membrane that surrounds cells ; rather 
the plastids seem to push against 
membranes and other materials that in 
turn contact the outer cell membrane. Is 
it possible that suspended amyloplasts 
in some way lead to a production of 
ethylene? This remains to be deter-
mined, but it seems like a good 
possibility. 
Since 1926, plant phYSiologists have 
considered the hypothesis that settled 
amyloplasts some way lead to 
movement of the growth hormone called 
Figure 7. Average heights of tomatoes subjected to 
daily water spraying, daily manual shaking of the 
stem, and a single daily misting of the fol iage were 
plotted as a percentage of height of contr.ol plants 
that were not mechanically st imulated. At the time 
when effects were most easily seen, mechanically 
stressed plants were only 55 to 65 percent as tall 
as control or misted plants. (Mist ing was to wet the 
leaves as in sprayed plants, but without mechanical 
stresses.) The insert shows actual growth curves for 
control and sprayed plants with standard deviations 
indicated for alternate weeks. (From Wheeler and 
Sal isbury 1979.) 
Figure 10. We determined leaf curvature by 
measUling three points and then calculat ing the 
radius of the circle that would contact each of these 
three points. A smaller radius means more leaf 
curvature, so we divide the radius into one, giving a 
larger value for increasing epinasty (curvature). The 
graph shows development of leaf epinasty (cur-
vature) as a function of time for control plants (solid 
line) and for plants treated with the ethylene 
inhibitors AVG and Ag + . Note the delay in the 
development of eplnasty when ethylene synthesis or 
act ion is inhibited. (From Salisbury and Wheeler 
1981 .) 
Figure 11. Twisting, shaking vertically or 
horizontally, or intermittent cl inostating (described in 
the text) do not cause epinasty. whereas horizontal 
cl inostating produces a strong epinastic response. 
(From Salisbury and Wheeler 1981 .) 
Figure 12. Inverted plants were upside down half 
the time; they developed epinasty much as plants 
on a horizontal cl inostat. Stationary controls were 
inverted and immediately returned to the upright; 
they did not develop epinasty. (Changes that appear 
in the graphs for control plants were caused by the 
daily up and down sleep movements common to 
plant leaves.) (From Salisbury and Wheeler 1981 .) 
auxin within the stem or root. More 
auxin has been measured on the bot-
toms of stems laid on their sides than 
on the tops, for example. If auxin 
promotes growth on the bottom com-
pared to the top (or lack of auxin inhibits 
top growth), then we could understand 
how stems bend upward. 
With these ideas in mind, we began 
experimenting on the gravitropic bend-
ing of leafy stems. We learned that 
li ttle research has been done with such 
stems, most work on gravitropism 
having been done with roots , grass 
nodes, the sheath that surrounds the 
first leaf of a grass seedling (the 
coleoptile) , and with young seedlings 
grown in the dark. Most of our results 
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24 
will be discussed in another article, but 
four experiments relate quite closely to 
things we have ~een discussing: 
(1) We found that the same ethylene 
inhibitors that would prevent or slow 
development of epinasty on clinostated 
plants also significantly slowed 
gravitropic bending of stems laid on 
their sides (Figure 13). Thus, ethylene 
seemed to be involved in gravitropic 
bending as well as in clinostat-induced 
leaf epinasty. 
(2) We were aware that ethylene 
seldom, if ever, promotes the elongation 
of stems; rather, ethylene inhibits stem 
elongation and promotes growth in stem 
diameter: a swelling rather than an 
elongation of stem cells . In view of this, 
it was obviously important to measure 
ethylene given off from the bottoms and 
from the tops of stems laid on their 
sides. We predicted that more ethylene 
given off on top would inhibit elongation 
of cells on top of a horizontal stem, 
while elongation continued unabated on 
the bottom. Again, much to our surprise, 
our prediction proved wrong. As Figure 
14 shows, ethylene production in-
creases on the bottom of a horizontal 
stem during bending, but stays the same 
on the top as for vertical nonbending 
stems. This is a new observation for 
leafy stems; so far we have no good 
explanation for it. 
(3) We tested possible roles for 
several plant hormones by applying 
them to one side of a growing stem and 
then rotating the stem on the clinostat 
so bending would not be confounded by 
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gravitropic responses. Auxins do indeed 
cause a bending away from the side of 
application, as the theory might predict. 
Compounds that release ethylene cause 
bending toward the side of application, 
although these responses are less 
striking than those obtained with auxins. 
But why should more ethylene appear 
on the bottom of horizontal stems? 
(4) Where in a stem does gravity 
perception occur? We tested this by 
removing different portions of the stem 
and observing subsequent bending. As 
Figure 15 shows, a portion of the stem 
about 3-5 cm below the tip is where 
bending normally occurs when a stem is 
placed on its sirje. This portion bends 
even when all he stem above has been 
removed. It has long been taught in 
textbooks that gravity perception occurs 
in the tip of a stem and that a signal 
(probably auxin) was sent from the tip to 
the growing region . Our results and 
those of others who are studying this 
problem are incompatible with this idea. 
Clearly the stem perceives gravity in the 
part that is capable of bending. It seems 
likely that leaves and petioles (leaf 
stems) are also capable of detecting 
gravity; the mechanism could be a 
settling of amyloplasts both in stems 
and in leaves. These are also matters 
for future research . 
We feel that our three years of 
research since obtaining the grant from 
NASA have led to a number of in-
teresting answers about how plants 
respond to gravity. At the same time, 
many unsolved matters beckon to us. 
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Figure 13. Sol id lines represent stem bending in 
untreated plants that were laid on their sides. 
Dotted lines represent bending in plants treated with 
various inhibitors of ethylene synthesis (AVG. COCh) 
or inhibitors of ethylene act ion (Ag + . COJ). The two 
sets of curves in the graph second from the top for 
young (left) and older (right) plants show that 
bending occurs much more slowly as plants age. 
(From Wheeler and Salisbury 1980.) 
Figure 14. Measured on pieces of stem collected at 
various times from the top and bottom of castor 
bean stems bending in response to gravity. ethylene 
evolution was greatest from tissues collected on the 
bottom halves of the stems while stem bending was 
most rapid. (Experiment of Raymond M. Wheeler.) 
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RICK CHASE 
UTAH MAY NOT BE THE WEED 
CAPITOL of the western states, but we 
have our fair share. The weeds that are 
already robbing us of agricultural 
production may never be totally con-
trolled, much less eliminated. But with 
recent invaders , we have a chance to 
refuse them room inside our boundaries . 
The trick is to catch them early, while 
they are few in number. If this had been 
done with musk thistle and dyers woad, 
they wouldn 't be the problem that they 
are today. 
Before such unwelcome guests can 
be banished , however, we must find 
their beachheads. A 1980 survey 
(funded by the USDA) allowed us to do 
just that. We identified twenty weeds 
that pose a serious threat to Utah 
agriculture. Twelve of the twenty are 
highlighted in this article. Although not 
yet widespread throughout the state, 
these twelve pose serious threats . 
The recently organized Utah 
Weed Control Association (UWCA) is 
committed to trying to stop the spread 
of several of these weeds . Each county 
has also set weed control priorities 
depending on wh ich of these weeds are 
most prevalent within their boundaries . 
With diligence, we may be able to 
contain these invaders and possibly 
eradicate one or two. Since each of the 
twelve has already proved its noxious 
potentials in other states, that is a 
worthy goal. 
Please notify your county agent or 
county weed supervisor of any in-
festations you know of that are not 
being treated. 
The following excerpts provide in-
formation about the weeds illustrated on 
the previous page. The remaining eight 
invading weeds are briefly discussed 
and shown in black and white on page 
25. 
BUFFALOBUR (Solanum rostratum) 
plants are scattered up and down the 
state, but the only major infestation is in 
San Juan County. We are very con-
cerned about buffalobur and do not want 
it to become stabilized in the state. A 
good control program could curb its 
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spread. Eradication in San Juan County, 
however, where it infests large acreages 
along the San Juan River, would be 
difficult. 
DYERS WOAD (fsatis tinctorial is an 
annual, but can act as a biennial, and 
possibly even as a perennial. It is a 
mustard, quite difficult to control , and 
spreads very rapidly. This weed infests 
northern Utah as well as southern Idaho 
and southwest Wyoming . Woad was first 
discovered in the state in the 1920s. 
JOINTED GOATGRASS (Triticum 
cylindricum) is proving much more 
prolific than we had anticipated. It has 
spread throughout the state and can be 
a serious problem in winter wheat 
areas. Its close relationship to wheat 
makes it very difficult to control. 
DALMATION TOADFLAX (Linaria 
dalmatica) qualifies as an escaped 
ornamental in Utah. The two major sites 
of infestation are around the town of 
Magna and along the Provo River in 
Utah County. Three other counties have 
small infestation. Dalmation Toadflax is 
a perennial and is difficult to control , 
especially where it occurs along the 
Provo River. We are concerned about its 
spread into oth r areas. 
GOATSRUE (Galega officinalis) a 
perennial legume, managed to escape 
cultivation . It was brought in as a forage 
plant and now inhabits a large portion of 
Cache County. A goats rue eradication 
program has been funded through 
federal , USU, and county dollars. 
VELVETLEAF (Abutilon theophrasti) is 
a serious weed problem in the Midwest. 
It is believed that seed of this weed is 
coming into Utah with turkey feed . 
Without immediate action, this weed 
definitely will spread and become an 
extremely serious problem. Velvet leaf 
has a top eradication priority. 
BLACK HENBANE (Hyocyamus niger) 
is localized mainly in northern Utah. It is 
a very serious problem in Rich County, 
where it occurs mainly as a roadside 
weed, but it has a potential to spread 
widely . This is one weed that , with a 
good control program. we could largely 
confine to the northern part of the state 
and possibly almost eradicate. 
LEAFY SPURGE (Euphorbia esula) is 
one of Utah's 11 noxious weeds. It 
grows exclusively in the northern part of 
the state and infests only a small 
acreage. This perennial is difficult to 
control, and has a high potential for 
spreading out of control. Wyoming has 
nearly 34,000 acres supporting leafy 
spurge and is spending a million dollars 
a year on this weed. 
SPOTTED KNAPWEED (Centaurea 
maculosa) is not now a serious problem 
in the state. There are only three 
counties in which infestations were 
found , and those were quite small. 
MUSK THISTLE (Carduus thoermeri) is 
one of Utah's most serious weed 
problems because it is so widespread. 
In many counties , however, the in-
festation is not severe. To successfully 
control musk thistle , spraying must be 
effective, with follow-ups several times a 
year. 
YELLOW STARTHISTLE (Centaurea 
solstitialis) poses a serious threat to 
Utah. An annual , with spines radiating 
from its seed heads, this thistle can 
spread rapidly and infest large areas. 
Although not yet a serious problem in 
Utah, it is in neighboring states , and will 
become so here unless we prevent its 
spread. Yellow star thistle is poisonous 
to horses, causing " chewing disease," 
from which horses can die shortly after 
eating the plant. 
SILVERLEAF NIGHTSHADE (Solanum 
elaeagnifolium), is a real threat to Utah, 
probably was brought in with turkey 
feed . At present silverleaf nightshade is 
a serious problem in Washington County 
and has been found in two other 
counties. It is a perennial and very 
prolific. 
OTHER TROUBLESOME WEEDS 
BARBWIRE RUSSIAN THISTLE ( al ola 
paul enii) is about as tough as the name 
"barbwire" implies. Even in the early 
stage, spines are very srarp. This plant 
is fast becbming established in the 
state. 
TALL WHITETOP (Lepidium lalifolium), 
one of the state 's noxious weeds, is 
found in 11 counties and is especially 
prevalent along the Green and Colorado 
Rivers. It is a deep-rooted perennial and 
difficult to control. 
PARROTFEATHER (Myriophyllum 
exalbe cen ) is an aquatic weed found in 
reserVOirs and canals. Another name is 
watermilfoil. This weed interferes with 
fish habitat, water sports, and 
recreation . 
WATERHEMLOCK (Cicu ta douglasii), an 
extremely poisonous plant , both to 
humans and caUle, infests irrigation 
ditches, stream banks, and wet 
meadows. 
POISON MILKWEED (Asclepia ub-
verticillala) is a perennial, also called 
whorled milkweed. It is poisonous to 
sheep and cattle, and occasionally 
horses. This plant is found in the 
southern portion of the state. 
SQUARROSE KNAPWEED (Centaurea 
virgala var. quarro a), a perennial, has 
become firmly established in the area 
around Tintic and Eureka in Juab 
County, but has also spread into Utah 
and Tooele Counties. 
TELEGRAPH PLANT (Heterotheca 
grandif/ora) is found only in Washington 
County and the infestation is limited to a 
few plants every year. This plant is a 
serious weed problem in California . 
YELLOW NUTSEDGE (Cyperu 
esculentu ) is a serious problem 
wherever it exists. It reproduces 
primarily by tubers that form on the 
rhizomes on underground stems. Control 
is very difficult. 
ABOUT THE AUTHOR 
Rick Chase, Extension Weed Specialist , has 
worked as an extension agent and has done 
weed research in EI Salvador. Dr. Chase, a 
member of the Plant Science Department, 
heads up the State Weed Committee and is 
responsible for statewide educational 
programs in weed control. His long-range 
goal is to prevent new and invading weeds 
such as those mentioned in this article from 
becoming serious problems 20 to 30 years 
from now. 
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ATIRACTIVE. SCIENTIFIC 
PHOTOGRAPHS that are both 
enjoyable to look at and informative, 
should be shared with others. It was this 
conviction that led us, early last year, to 
seek funds to develop a library of 
photographic slides that could be used 
as a source of illustrative materials by 
teachers. extension agents, and club 
leaders throughout the region. That 
library is now well under way. thanks to 
a three-year grant from the Utah 
Agricultural Experiment Station. 
The last decade has seen a 
tremendous increase in public ap-
preciation of the diversity of plant life to 
be found in the Intermountain Region. 
This interest is reflected in sales of the 
large number of wildflower books 
available, many of which are beautifully 
illustrated. It has also been reflected in 
the number of requests we have 
received for slides to illustrate talks on 
such subjects as alpine plants, edible 
native plants. poisonous plants, and 
other plant-related topics. The photo 
resource library will enable us to 
respond to these requests far more 
readily than before. 
Obviously, the best way to learn 
about plants is to look at them in the 
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USU'S 
P T 
PHOTO 
LIBI ~ ~y 
RICHARD J. SHAW and MARY E. BARKWORTH 
field. Good photographic slides, 
however. can be extremely useful. 
Unlike pictures in a book, photographic 
slides can be viewed simultaneously by 
several peqple. Moreover, the same 
slide can be used to illustrate a variety 
of different topics. For instance, a single 
slide of False Hellebore (Veratrum 
californicum) can be used to illustrate 
talks on poisonous plants, plants of the 
Spruce-Fir Zone. characteristics of the 
Lily family, or a discussion of leaf 
shapes. 
Our immediate goal is to develop a 
collection of slides for one thousand 
Intermountain species. The collection 
already includes 250 species. and we 
have not yet catalogued all those taken 
last summer. The species included 
range from large trees to diminutive 
annuals. We have representatives of 
flowering plants. ferns . mosses. and 
fungi; cultivated species and native 
species; commercially important crops. 
and "lilies of the field that toil not. 
neither do they spin." In other words, 
the whole gamut of Utah's land plants. 
Ideally. each species will be represented 
by several slides that will illustrate its 
overall habit, as well as particular 
1. Giant Helleborine (Ep ;pactis gigantea). a 
rare orchid of Utah canyons. 
2. Goatsbeard (Tragopogon dubiu ). a weed 
of disturbed sites. 
3. Sego Lily (Calochortu nuttallii), state 
flower of Utah. 
4. Oleander (Nerium oleander). a cultivated 
shrub whose parts are poisonous. 
5. Blazing·star (Mentzelia laevicauli ). a 
biennial of foothills and roadsides. 
6. European Bittersweet ( olanum 
dulcamara) . an introduced. poisonous 
perennial of disturbed sites. 
7. Prickly Poppy (Argemone munlta) . a native 
poppy of foothills and canyons. 
8. Subalpine Fir (Abie la iocarpa) , a conifer 
usually above 7.500 feet. 
9. Showy Milkweed (A clepia pecio a). a 
native weed of waste places and cultivated 
land (opening fruit) . 
10. Debbie Pettys. Richard Shaw. and Mary 
Barkworth (left to right) catalog slides and 
pertinent information with the help of an 
Apple II computer . 
11. This illuminated slide cabinet has a 
10,000 slide capacity. 

features such as the flower, fruit, or 
seed. The range of features illustrated in 
each case will depend on the species 
involved. 
One tends to think first of using slides 
in learning how to recognize different 
species but, to a discerning botanist, 
they can also be a mine of other useful 
information. They can show not only 
what a plant looks like, but also what it 
grows with, in what habitats it is found, 
and even such facts as sex expression 
and probable pollination mechanisms. In 
studies of rare and endangered species, 
photographic slides are particularly 
valuable for they can convey information 
without further endangering the plants 
involved. Slides can also be useful to 
horticulturists seeking native plants to 
introduce into cultivation, and to 
ecologists looking for clues as to what 
factors may limit a species' distribution. 
An important aspect of this slide 
collection is that each photograph will 
be documented by a herbarium 
specimen. This specimen will be used to 
determine the identity of the plant 
photographed and will be deposited in 
the Intermountain Herbarium, where it 
will be available to verify identification. 
Showy Milkweed (A c1epia pecio a) is a 
native weed of cultivated land. 
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Evening Primrose (Oenothera coe pito a) , a 
native perennial of dry hills. 
Having such a voucher specimen is 
particularly important when dealing with 
very similar species such as those of 
Rabbitbrush (Chry othamnu spp.), some 
of which can only be told apart by 
examination of features not visible in 
most photographs. 
To make maximum use of the 
flexibility inherent in a slide collection, a 
computer-based catalog of the contents 
is being developed. Each slide will be 
catalogued according to the species 
shown, the features emphasized, and 
the orientation of the slide (vertical or 
horizontal). Additional entries will be 
used to indicatB the ecological 
distribution of the species, and its 
toxicity, palatibility, and status in the 
flora (native, cultivated, weedy, en-
demic, etc.). This computerized catalog 
will enable us to determine rapidly what 
species are available to illustrate 
specific topics. 
Although the official goal is to develop 
a collection of slides of the plants of the 
Intermountain Region, slides of "extra-
territorial" species will also be in the 
collection . It is hard for plant 
taxonomists such as ourselves to keep 
from looking at, photographing, and 
collecting . Photographs of species found 
in Wyoming, California, and Australia 
will be included since one or the other 
of us was in each of those places last 
summer. 
Among our long range goals for the 
project is an eventual extension of the 
collection to include animals along with 
plants, making it a Natural History Photo 
Resource. Such a development would 
complement USU's emphasis on the 
agricultural, biological, and natural 
resource sciences. Another goal is to 
transfer several of the slides to 
videodisc and then to build a series of 
minicourses around the discs. This 
would enable teachers , even ones with 
a relatively weak background in a 
particular topic, to offer a much 
stronger course than would otherwise 
be possible. Also, students with access 
to the discs could independently study a 
wide variety of botanically oriented 
topics. 
But such goals are for the future. The 
immediate need is to perfect a 
collection of high-quality slides that are 
well documented and catalogued. That 
is what we are doing now. 
The slides lent out will be duplicates, 
not originals . The originals are being 
stored in special drawers at a tem-
perature below 12°C (53.6°F) in order to 
minimize deterioration of their dyes. This 
also ensures that any disaster that 
befalls slides on loan remains minor; 
another set of duplicates can be made 
with minimum effort . 
Showy Milkweed Seed is dispersed by the 
wind. 
Who may borrow from the collection? 
Extension agents, university and college 
professors, high school and elementary 
school teachers , club leaders; indeed, 
essentially anyone involved in teaching 
about plants. We hope that it is a well-
used collection. Instructions for ob-
taining a list of the species presently in 
the collection and for borrowing from 
the collection are given in the insets. 
HOWTO FIND OUT 
WHAT IS AVAILABLE 
You can request a list of all species 
in the collection or of the species 
listed under one or more key words. 
If you request more than one key 
word , please be sure to state 
whether you want species if they are 
on anyone of the key-word lists or 
only if they are mentioned on ail the 
lists. 
For example, native and alpine 
means the species must be listed 
both as a native plant and as an 
alpine plant. 
Native or alpine would be a much 
larger list since it would include all 
the native species in the collection 
plu introduced alpine species. 
The listing you receive will also 
indicate what features are shown in 
the slides (e .g. , flower , habit, fruit) . 
If you have any questions call 
either Dr. Richard J. Shaw (750-1578) 
or Dr. Mary E. Barkworth (750-1586) 
(or leave a message at 750-1575). 
Send your request to: 
USU Photo Resource 
Department of Biology, UMC 45 
Utah State University 
Logan , Utah 84322 
Please enclose an addressed 8" x 
12" envelope . 
Green Bristlegrass (Setar ia virid is) is a weed 
of irrigated fields and gardens. 
TOPICS 
You may request a listing of the 
slides filed under any (or all) of the 
following topics . If you would like a 
complete listing , just tell us ! 
Taxon: 
Name the particular Division , 
Class , Family, Genus, or Species 
Status: 
Cultivated , weedy, non-weedy 
Introduced, native 
Rare, and endangered or 
threatened. Listed/Proposed 
Toxicity: 
Humans, Animals 
Vegetative Zone: 
Alpine , Subalpine, Spruce-Fir , 
Pinyon-Juniper , Sagebrush-step-
pe, Shadscale, Creosote bush 
Features: 
Fruit , flowers, habit , leaf 
You may select more than one key 
word per category . 
ABOUT THE AUTHORS 
Richard J. Shaw is a Professor of Botany at 
USU. He has been photographing vascular 
plants in the National Parks for over 25 
years. From 1950 through 1980 he has 
worked as a seasonal naturalist in Grand 
Teton National Park. He currently is writ ing a 
flora of northern Utah with Dr. Barkworth. His 
main research areas are biosystematics and 
alpine ecosystems. 
Mary E. Barkworth is the Director of the 
Intermountain Herbarium and Assistant 
Professor of Biology. 
TO BORROW SLIDES 
Please tell us: 
1. What group would be making use 
of the slides (e.g. grade 5 class, 4-
H club, scouts, etc .) 
2. Your position (teacher, club 
leader, guest speakers, etc.) 
3. Which species you want 
4. On which dates you need them 
5. Your name, telephone number and 
mailing address 
Also please send a signed copy of 
the following statement: I accept 
re pon ibility for returning the fide 
to Utah tate Univer ity within two 
weeks after the date on which I fa t 
need them. I agree to pay the co t of 
making fre h duplicates of any fide 
that are damaged or not returned 
within thi period. 
We will ship the slides to you by 
registered mail and ask that you 
return them in the same manner. 
Address your request to: 
USU Photo Resou rce 
Department of Biology, UMC 45 
Utah State University, 84322 
Above: Portions of core samples of alfalfa 
hay. Rain damaged hay often loses much of 
its green color. Chemical analysis more 
clearly appraises its quality. 
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Left below: Dr. Fonnesbeck and Mohammed 
Saiady compare leafiness and texture of 
undamaged and rain damaged alfalfa hay. 
Right below: Tools for obtaining a core 
sample of baled hay (Pennsylvania State 
Forage Sampler). 
PAUL V. FONNESBECK, 
MERCEDES M. GARCiA, JOHN M. KAY KAY , and 
THOUGH MEASURABLE RAINFALL is 
infrequent during summers in Utah, it 
often seems to come when alfalfa hay is 
drying in the field. Farmers can reduce 
the possibility of rain damaged hay by 
carefully observing weather forecasts 
before cutting. In an unstable weather 
pattern, however, it is difficult to 
guarantee the three to six good drying 
days necessary to convert fresh cut 
forage to air dry hay. As long as hay is 
dried in the open air and weather 
remains unpredictable, rain damage to 
field-drying hay will be a possibility and 
the effects on quality will need 
definition. 
HOW GOOD OR BAD IS RAIN· 
DAMAGED HAY? 
Your judgment may depend on whether 
you are feeding, selling, or buying. A 
few experiments reported losses in yield 
and changes in chemical contents of 
hay when it was damaged by incidental 
ra infall. Information from these reports 
was not extensive enough to allow 
estimates of effects of rain damage on 
other lots of hay. 
In 1980, I and several research 
assistants (Mercedes M. Garcia, John 
M. KayKay, and Mohammed Y. Saiady) 
started a research program to generate 
information so farmers could estimate 
the yield and nutrient losses due to rain 
and determine the feeding value of rain 
damaged alfalfa hay. 
MOHAMMED Y. SAIADY 
Using our data, a farmer who is about 
to have his field-drying alfalfa rained on 
can gather a sample of the drying 
forage before rainfall and then sample 
the hay again before baling or feeding . 
The hay samples can be analyzed for 
important nutrients and with a few 
calculations the farmer can estimate 
yield losses and relative feeding value 
and then decide how best to use the 
rain damaged hay for livestoGk. A brief 
description of the research program, 
some results, and applications follow. 
EXPERIMENTAL PROCEDURES 
One approach to this problem is to 
make observations of field-drying hay 
when natural rain occurs. With this 
approach, however, one must be 
prepared to chase after rain clouds, 
expect the absence of ra infall most of 
the time, and cope with rainfall of un-
controllable amounts and duration. 
Added to this are inevitable variations 
among various plots, seasons, cuttings, 
forage varieties, etc. 
Instead, we chose to produce ar-
tificial rain when and in the amounts we 
desired with a sprinkler irrigation 
system, hoping that natural rain would 
not complicate the experiment. The 
second cutting was used for our work to 
reduce contamination of alfalfa by 
annual weeds and the risk of natural 
rainfall. 
Half of an eight-acre plot was cut with 
a 10 foot swather before bloom (late 
vegetative stage of maturity) and the 
other half was cut one week later at the 
early bloom stage of maturity. The hay 
was swathed in the same direction as 
the sprinkler irrigation hand lines. 
Selected swaths of alfalfa were 
sprinkled with irrigation water starting at 
two different times after cutting (24 and 
48 hours). Three levels of artificial rain 
(0, .2 inches, and .8 inches) were ap-
plied with no sprinkling, one hour, or 4 
hours sprinkling from a private gravity 
pressurized irrigation system that 
produced a constant pressure. Sufficient 
swaths were sprinkled to produce ex-
perimental hay for a lamb feeding and 
digestion experiment. 
Samples of the drying alfalfa hay 
were collected for chemical analysis 
immediately after cutting, before each 
rain treatment, before baling, and before 
feeding to the growing lambs. 
Hay yield was estimated by weighing 
the hay in several 10 foot lengths of the 
10 foot swaths (100 sq. ft .) and adjusting 
the average weight to the·dry basis with 
the dry matter determined on a 
simultaneously collected drying alfalfa 
sample. These observations were 
subject to considerable variation due to 
inconsistent plant density within the 
field , and the results did not seem to 
validly reflect treatments (Table 1). 
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Wind velocity, air temperature, and 
relative humidity values were recorded 
to detect unusual drying conditions and 
to allow us to compare the drying 
weather to that usually following natural 
rainfall . In both drying periods, we were 
favored with fair skies and warm 
temperatures with only an occasional 
slight breeze. 
The experimental hay was fed to 48 
growing lambs (70-85 lb. initial body 
weight) for 70 days to compare the 
acceptability of the rain damaged hay to 
the lambs, growth of lambs, and 
digestibility of nutrients from the hay. 
RESULTS, EXPLANATION, AND 
APPLICATION 
Chemical changes in rain leached hay 
Chemical changes in the experimental 
hay are summarized according to the 
processing treatments in Table 1. Notice 
the increase in percent plant cell wall 
content from 39.38 to 43.61 with in-
creasing amounts of artificial rain, 
accompanied by decreases in available 
carbohydrate, soluble ash, and total 
lipids. Crude protein content did not 
change. Cell contents are calculated as 
100 percent minus cell wall percent. 
Most differences in chemical com-
position of hay between stages of 
maturity, times of sprinkling, and 
processing were not significant. Even 
the degree of difference in chemical 
composition as a result of the artificial 
rain appears small in terms of the dry 
matter composition of the resulting hay. 
The decrease from 60.6 to 56.4 (-4.2 
percent) may not appear too serious 
compared to other losses farmers 
frequently experience. 
In the chemical analysis for plant cell 
walls, the cell contents are dissolved by 
enzymes, boiling detergent solutions, 
and organic solvents. Any material that 
can withstand this harsh treatment, 
cannot, of course, be dissolved by ·· 
rainfall . In order for the cell wall con-
centration of samples to increase from 
39.38 to 43.61 percent following the 
artificial rain treatment (Table 1), a 
corresponding decrease of c~1I contents 
is necessary. 
The concentration of plant cell walls 
in the alfalfa would not change after 
cutting except by: 
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TABLE 1. Plant cell walls and cell contents of artificially rain damaged alfalfa hay 
(100% dry basis). 
Cell Contents 
Plant 
Experimental hay Yield cell Cell Available Crude Total Soluble 
treatments Ib.lacre walla contentsb carbohydrate protein lipids ash 
% % % % % % 
Maturity of forage 
Late vegetative 2622 40.62 59.38 26.10 18.43 5.34 9.46 
Early bloom 2916 42.21 57.79 26.02 17.50 5.55 8.72 
Rain level 
0 2793 39.38 60.62 27.36 17.98 5.82 9.48 
.2 inch 2723 41 .27 58.73 26.40 18.04 5.35 9.06 
.8 inch 2791 43.61 56.39 24.61 17.89 5.17 9.03 
Time of sprinkling 
after cutting 
24 hr. 2819 41 .10 58.10 26.24 17.93 5.63 9.12 
48hr. 2719 41 .73 58.27 25.88 18.00 5.25 8.88 
Processing 
Pre-baling 41 .57 58.43 26.08 17.94 5.39 9.03 
Pre-feeding 41 .27 58.73 26.04 17.99 5.50 9.15 
aPlant cell wall is the fiber of the feed and includes cellulose. hemicellulose. and lignin. Cellulose and 
hemicellulose are structural carbohydrates that can provide some energy to livestock when digested by 
microorganisms in the digestive tract. Lignin is not carbohydrate and is considered non-nutritive matter. 
Ileell contents are calculated (100-cW%) and are the nutrient components of the feed. Available car-
bohydrate is the soluble sugar and starch. a major source of digestible energy. The importance of prcr 
tein for animal feeding is general knowledge. Lipids include fats. oils. plant pigments. waxes. and other 
fat soluble substances and are a source of energy and vitamins. The soluble ash is mostly essential 
nutrient minerals. 
• Changes in concentrations of other 
components. 
• Physical losses of plant parts, such as 
leaves, in harvesting. 
• Fermentation of cell contents and cell 
wall carbohydrate by mold in hay that 
was insufficiently dry. 
Calculating yield and nutrient losses 
It is possible to take advantage of this 
insoluble property of cell walls (CW) and 
other fiber analyses to calculate the 
changes in other nutrients as shown in 
Equations 1 and 2. 
With maximum harvesting efficiency 
we would recover all of the plant dry 
matter avai lable at the instant of cutting. 
Instead, after cutting we can only try to 
minimize losses. Water is not con-
sidered a nutrient in this case. Water 
only dilutes the nutrients. All yield and 
chemical analyses comparisons must be 
on the 100 percent dry matter basis. 
Putting the information in Table 1 into 
equations 1 and 2, the losses of yield 
and nutrients can be calculated for each 
component (Table 2). This compares the 
losses of each soluble component to the 
original (100 percent) present in the 
undamaged control hay. The 4.6 percent 
(1) Loss of yield , % = (1 _ CW% before rain ) 100 
CW% after rain 
CW% before rain nutrient % after rain ) 100 (2) Nutrient loss, % = (1 - CW% after rain x nutrient % before rain 
Other fiber analyses such as acid 
detergent fiber (ADF) and neutral 
detergent fiber (NDF) could be used 
instead of cell walls in equations 1 and 
2 if they are more easily available from 
the analytical laboratory. 
and 9.7 percent loss in yield imply much 
more than the small change in chemical 
composition shown in Table 1. 
A 16 percent loss of cell contents 
(Table 2 and Figure 1), the most 
nutritive portion of the hay, is a serious 
TABLE 2. Loss of yield and nutrients from 
artificial rain leaching of field dry· 
Ing alfalfa hay. 
Amount of 
art ificial rain 
5mm 20mm 
Yield and nutrient losses 0 (.2 in.) (.8 in.) 
Dry matter 
Yield 
Loss 
Cell content 
Available carbohydrate 
Crude protein 
Soluble minerals 
Total lipids 
% % % 
100 95.4 90.3 
o 4.6 9.7 
o 7.6 16.0 
o 7.9 18.8 
o 4.3 10.2 
o 8.8 14.0 
o 12.3 19.8 
loss of nutrients after harvesting. The 
available carbohydrates are the main 
source of digestible energy from alfalfa 
hay and about 19 percent was lost after 
less than one inch of rain. Lipids are 
also easily reduced by rain leaching but 
more detailed analysis is required to 
determine losses of nutritive lipids 
versus nonnutritive lipids. Losses of 
soluble nutrient minerals must also be 
considered in terms of individual 
mineral. 
In Table 1, the crude protein content 
does not differ notably with the levels of 
rain applied. After this is corrected for 
dry matter losses, however, the low 
level of rain extracted 4 percent of the 
crude protein, while 10 percent was lost 
with the higher level of rain (Table 2 and 
Figure 1). Analyses of rain damaged hay 
can show rather high protein and lead 
one to believe that the hay is still of 
fairly good quality, if other factors are 
ignored. 
Estimation of field losses on the farm 
The ratio of original cell wall content at 
cutting to the content of cell wall after 
harvesting can be used to estimate rain 
damage or harvesting efficiency by the 
following procedure: 
A. Collect a random sample of fresh cut , 
wilt ing, or otherwise undried alfalfa from 
swaths and place it in an open mesh bag 
(onion sacks are ideal). Hang the bag in 
an open, sheltered space to dry. 
Transfer the hay to a paper bag when dry. 
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B. Collect another sample of the hay (if 
rained upon) just before bal ing from 
approximately the same area of the swath 
as the first sample was taken . Since this 
hay will be almost dry, place it in a large 
paper bag and allow it to complete drying 
in a sheltered space. This sample and the 
one taken before the hay is ra ined on will 
be used to est imate rain damages. 
C. If no ra in has fallen on the field-drying 
hay, omit sampling the hay before baling 
unless you intend to estimate baling 
losses. 
D. To est imate harvest ing eff iciency, sample 
the hay after it has been baled and 
stacked. 
E. Have samples analyzed for air dry matter, 
plant cell walls, and crude protein. 
F. Calculate the yield losses with the CW 
analysis of the before and after samples 
subst ituted into Equat ion 1. 
G. Calculate nutrient losses by using cell 
walls with cell contents (1 OO-CW percent) 
and cell walls with crude protein 
percent in Equat ion 2. 
One problem with this procedure is that 
it assumes that the forage sampled at 
the wilting stage is the same as that 
sampled at the end of the process. The 
person sampling should try to take all 
samples as nearly as possible from the 
same areas and to exclude any grass or 
weeds that would introduce excessive 
variability. Several samples taken 
simultaneously would give a better 
estimate of the average. A marker could 
be placed at the sampling locations so 
follow up samples could be taken from 
the same place. 
To cut or not to cut 
Sometimes an unstable weather con-
dition develops when the alfalfa is at its 
best stage of maturity for producing an 
optimum quantity of high quality hay. If 
the farmer cuts the hay and it is rained 
on , there will be field losses of yield and 
nutrients. Should he wait until the alfalfa 
can be cut and dried without rain? How 
(3) Harvesting efficiency, % = CW% of wilted hay 
CW% of baled hay x 100 
Make all calculations with the analyses 
converted to the 100 percent dry basis 
by using Equation 4: 
(4) % dry basis = % air dry basis 
% air dry matter 
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long can he wait before the loss of 
quality overbalances the potential loss 
from rain damage? 
Using the average yield for stages of 
maturity, the change in amount and 
chemical composition of the hay with 
one week's advance in maturity were 
calculated (Table 3). 
These results indicate that the in-
crease in yield is predominantly in the 
plant cell wall fraction. The resultant 5.9 
percent increase in overall yield 
represented no significant increases in 
yield of any soluble nutrient. 
In this experiment, it would have been 
better to wait a week for fair weather to 
cut the hay since the loss of yield and 
quality from rain was much greater than 
the loss of quality from advanced 
maturity. The loss of quality from ad-
vancing maturity is more predictable 
than the loss from rain damage since 
the plant will continue to grow if uncut, 
but the forecasting of the time, duration, 
and amount of rainfall needs con-
siderable improvement. Farmers have to 
play the gambling game. 
PROCESSING RAIN DAMAGED HAY 
The artificially rain damaged hay was 
allowed to dry with leaves and stems 
undisturbed. After it was air dry, it was 
baled in the morning after regaining 
sufficient water to prevent leaf shat-
tering. Air dry hay is about 90 to 92 
percent dry matter, but at baling time 
our hay contained only 82 to 85 percent 
dry matter. Feed packaged with less 
than 85 percent dry matter will mold. 
The excess water was more on the 
surface (not trapped in the plant cells) 
so it could easily escape from the bales 
without developing mold. It is important 
that the alfalfa stems become com-
pletely air dry and then regain sufficient 
moisture to prevent leaf losses before 
baling. 
The fresh cut alfalfa contained 22.9 
percent dry matter or 77.1 percent 
water. With the dry matter yield of 2793 
Ib/acre there were 9395 Ib water per 
acre. This amounts to only .0415 inches 
of water within the plant cells. The 
artificial rain put 5 to 20 times this much 
on the plant surfaces but plant cells are 
designed to resist drying. 
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The water sprinkled on the hay 
evaporated much more rapidly than did 
water contained in the plant cells. The 
rain damaged hay was ready to bale on 
the same morning as the undamaged 
hay (4 days drying). The farmer should 
be most concerned with drying of the 
original water in the cells of the stems. 
Severe and/or repeated rain showers 
will retard drying of the forage lying 
close to the ground. It may be 
necessary to rake the swaths to expose 
this hay to drying air. Hay raking should 
be done when there is sufficient 
moistu re in the hay to prevent leaves 
from shattering. 
GRADING RAIN DAMAGED HAY 
With a fiber and crude protein analysis 
from a sample of the harvested hay a 
farmer or buyer can calculate the 
relative value and grade of the hay. 
Development of the system was ex-
plained in detail by Fonnesbeck et al. 
(1980) and Fonnesbeck and Anderson 
(1981). Table 4 is based on experiments 
in which sheep were fed alfalfa hay. 
Finding the intake and digestible energy 
(DE) of the hay to depend on the 
content of acid detergent fiber (ADF), 
neutral detergent fiber (NDF), and crude 
protein (CP) of the hay, equations were 
generated to estimate digestible energy 
from these chemical analyses. The 
digestible energy intake of grade 2 dairy 
hay was used as the standard (relative 
value equal to one). The digestible 
energy of all possible combinations of 
fiber and CP were calculated and 
compared to the digestible energy of 
grade 2 alfalfa hay. These ratios were 
arranged into a table of relative values 
(Table 4). For further simplification, the 
several alternate methods of deter-
mining fiber were included at equivalent 
values for alfalfa hay so only one table 
would be needed. However, either the 
NDF or CW analyses are recommended 
because they can predict digestible 
energy more accurately. The ADF 
analysis is generally available in most 
service laboratories. Crude fiber (CF), 
the traditional analysis , should be 
replaced by one of the detergent fiber 
methods. 
The cash value of the hay can be 
compared to current market prices 
reported for no. 2 dairy hay by 
multiplying market price by relative 
value. 
FEEDING RAIN DAMAGED HAY 
Feeding the rain damaged hay to 
growing lambs produced no significant 
differences in feed intake due to the 
artificial rain treatments. Lambs were 
not able to discriminate for the dif-
ference in quality produced by artificial 
rain . When fed free choice, animals will 
usually consume more of the best 
quality hay. In this feeding experiment, 
lambs consumed slightly more of the 
rain damaged hay, presumably to 
compensate for its reduced nutrient 
content . 
These results show that sheep (and 
presumably cattle) will utilize rain-
leached hay efficiently if it is not also 
heat damaged (moldy). The complication 
of heat damage needs additional study. 
More extensively damaged hay needs to 
be tested. Future feeding experiments 
should involve lactating dairy cows, the 
major consumers . 
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TABLE 3. Change in yield of dry matter and nutrients induced by one week's growth 
of alfalfa hay.1 
Maturity of alfalfa 
Yield 
Late vegetative Early bloom d ifference 
Content Yield Content Yie ld Ib .lacre 0/0 
% Ib/acre % Ib.lac re 
Dry matter 100 2713 100 2874 161 5.9 
Plant cell wa lls 37.9 1028 41 .8 1201 173 16.8 
Cell contents 62.1 1685 58.2 1673 - 12 - .7 
ava ilable carbohydra te 27 .2 737 26.3 756 19 2.6 
c rude protein 17.9 487 17.4 501 14 2.9 
total lipids 6.9 187 5.1 145 -42 - 22.4 
soluble ash 10.1 275 9.4 270 - 5 - 1.8 
aThe dry matter yield was determined by weighing hay in 100 sq. ft. areas. Only observation from 
undamaged areas were included in the average. 
TABLE 4. Estimating relative value and grade of alfalfa hay from crude protein and a fiber analysis (dry basls)I,b 
Fiber content , % Crude protein content, % 
CF ADF NDF CW 12 13 14 15 16 17 18 19 20 21 
24 .2 28.0 35. 32.9 1.078 1.092 1.106 1.119 
25.0 28.8 36. 34.9 1.068 1.082 1.096 1.110 
25.8 29.7 37. 34.8 1.044 1.058 1.072 1.086 1.100 
26.7 30.5 38. 35.8 1.035 1.049 1.063 1.077 1.090 
27.5 31.4 39. 36.8 1.011 1.025 1.039 1.053 1.067 1.080 
28.4 32.2 40. 37.7 1.001 1.015 1.029 1.043 1.057 1.071 
29.2 33.1 41 . 38.7 .978 .992 1.006 1.019 1.033 1.047 1.061 
30.0 33.9 42. 39.7 .968 .982 .996 1.010 1.024 1.038 1.052 ' 
30.9 34 .8 43. 40.6 .944 .958 .972 .986 1.000 1.014 1.028 1.042 
31.7 35.6 44 . 41 .6 .935 .949 .962 .976 .990 1.004 1.018 1.032 
32.6 36.5 45. 42.6 .917 .925 .939 .953 .967 .981 .995 1.008 1.022 
33.4 37.3 46. 43.5 .901 .915 .929 .943 .957 .971 .985 .999 1.013 
34 .2 38.2 47 . 44 .5 .878 .892 .906 .920 .933 .947 .961 .975 .989 1.003 
35.1 39.0 48. 45.5 .868 .882 .896 .910 .924 .937 .951 .965 .979 .983 
35.9 39.9 49. 46.4 .858 .872 .886 .900 .914 .928 .942 .956 .970 .983 
36.8 40.7 50. 47.4 .849 .863 .876 .891 .904 .918 .932 .946 .960 .974 
37 .6 41 .6 51 . 48.4 .839 .853 .867 .881 .895 .908 .922 .936 .950 .964 
38.4 42.4 52. 49.3 .830 .844 .857 .871 .885 .899 .913 .927 .941 
39.3 43.3 53. 50.3 .820 .834 .847 .861 .875 .889 .903 .917 .931 
40.1 44 .1 54 . 51 .3 .810 .824 .838 .852 .866 .879 .893 .907 
41 .0 45.0 55. 52.3 .800 .814 .828 .842 .856 .870 .884 
22 23 24 
1.133 1.147 1.161 
1.124 1.138 1.151 
1.114 1.128 1.142 
1.104 1.118 1.132 
1.094 1.108 1.122 
1.085 1.099 1.113 
1.075 1.089 1.103 
1.065 1.079 1.093 
1.056 1.069 1.083 
1.046 1.060 1.074 
1.036 1.050 1.064 
1.027 1.041 
1.017 1.031 
1.007 
.997 
aEnter the fiber column according to the fiber analysis completed on the sample on the dry basis. CF = crude fiber, ADF = acid detergent fiber, NDF = neutral detergent 
fiber, and CW = plant cell walls. Use CW or NDF if the analyses are available. 
bHay grades: No. 1 Dairy hay = relative value greater than 1.050 
No. 2 Dairy hay = relative value between .950 and 1.050 
NO. 3 Feeder hay = relative value between .850 and .950 
No. 4 Feeder hay = relat ive value less than .850 
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EM I CAL 
THINNING 
FOR BIGGER 
Po\CHES 
THE SUGARY JUICE of a sun-warmed 
peach dribbling down your chin can be 
one of summer's special pleasures. At 
such moments of sensuous satisfaction, 
concern about the biochemical events 
that produced that peach would be 
callously insensitive. Without that 
concern from scientists such as USU 's 
Schuyler D. Seeley, however, the rest of 
us might soon find peaches priced out 
of our diets. 
Peach growers around the nation 
agree that the thinning operation is one 
of their most expensive production 
inputs. It may remove more than 80 
percent of the peaches from the tree (to 
assure that the remaining fruit reaches 
full size and quality) while costing $350 
to $450 per acre. In contrast, if an 
effective chemical can be found to do 
the job, costs could drop to around $30 
per acre. 
So far, the scientific detective work 
has been confounded by the 
peculiarities of peach biochemistry. 
Peaches follow their own particular time 
and biochemical schedules as they 
develop from blossom to fruit. So 
chemicals that will eliminate the least 
vigorous fruits from other kinds of trees 
are ineffective or potentially hazardous 
for peach trees. Fortunately, there is an 
exception. 
A many-syllabled chemical known as 
CGA * may be the peach growers' 
magical wand. CGA, a growth regulator, 
has been valuable in thinning tests on 
apples and peaches. Used only ex-
perimentally, however, the manufacturer 
is still seeking EPA approval for more 
extensive testing. 
With peaches, CGA results have 
varied with climate, being most con-
sistent in southern states. But even 
there, it has sometimes caused trees to 
drop leaves. When applied lightly within 
a week of bloom, however, CGA gives 
growers a chance to evaluate its work 
and, if necessary, to spray again. 
Results of experiments completed in 
1980 in Georgia by Seeley and two 
University of Georgia scientists indicate 
that CGA,s performance warrants an 
expanded test program. As CGA 
separates potential fruits from their 
trees, the chemicals that are produced 
duplicate or are closely related to ones 
that occur naturally in peaches and no 
residues remain in mature fruit. 
Peach lovers and peach growers alike 
might want to wish CGA a bon voyage 
through the perpetually snarled network 
of governmental bureaucracy. 
*(2-chloroethyl) methylbis (phenylmethoxy) silane 

